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ORGANISATION 


Oil lilt' 31st March 1977, the Senior Slafl consistetl of : 

Directorale : 

Director 

N. K. Jain, M.Sc. Ag. (B.H.U.), PIi.D. 

(Illinois) \ 


Adviser 

I). N. Harua, B.Sc. (Cal.), Ph.D. (Cantab). 
Adminislration : 

Administrative Cliiccr 
K. R. (Jopalan 
Asst. Administrative Ollicer 
B. S. Kotoky, B.A., LI.B. 


Accounts : 

Accounts Ollicer 

S. Mazumdar, B.Com. (Cal.), A.C.A. 


Birfctor s lUpcrt 

{ht April 1976 to 3 1st March^ 1977) 

Agriculturt : 

Agronomist 

V. Rahman, M.Sc. Ag. (Bihar), Ph.D. (I.A.R.I) 

Second Agronomist (Weed C!ontrol) 

V. S. Rao, M.Sc. Ag. (Osrnania), Ph.D. 

(Cornell) 

Estate Manager 

A. K. Sahney, B.A. (Delhi) 

Entomology : 

Entomologist 

B. Banerjee, M.Sc. (Cial.), M.S. (South Illinois), 

Ph.D. (London), P.A.Z., F.R.E.S.(London) 

A.sst. Entomologist 

N. S. S(‘ngupta, B.Sc. .\g. (Dac.) 


Asst. Accounts Officer 
P. K. Lala 

Aiaintenance : 

Station Engineer 

(i. B. Singh, A.M.I.S.E. 

Medical : 

Medical Officer 

Dr. (Major) S. W. Rohman, M.B.B.S. 

Library & Publication : 

Librarian and Asst. Publication 
and Information Ollicer 

J. N. Sharrna, M.A. (Can.) 

Soils & Meteorology : 

'1 ccklai : 

Soil Scientist 

S. K. Dey, B.Sc. (Cal.), As.soc. I.A.R.I. 

Asst. Soil Scientist 

N. G. Bhatlacharjee, B.Sc. (Cal.) 


Mycology : 

Mycologist 

G. Satyanarayana, B.Sc. (Hons.) (Andhra), 
Ph.D. (Madras), F.B.S., F.LP.S. 

Biochemistry : 

Asst. Biochemist 

M. R. Ullah, M.Sc., Ph.D. (Gau.) 

Tea Tasting : 

Tocklai : 

Second lea I'astcr 

A. K. Das, B.A. (Gau.) 

West Bengal: 

'Pea Taster 

R. P. Basu 

Engineering Research & Development : 

Research Engineer 

'1'. C. Baruah, B.Sc. (Hons.) (Gau.), B.Sc. 
Mech. Eng. (B.H.LJ.) M. Sc. Mech. Eng. 

( Manchester ) 


West Bengal : 

Asst. Soil Scientist 

A. K. Sengupta, B. Sc. (Hons) (Cal.) 


Statistics : 

Statistician 

K. Biswas, M.Sc. ((iau.) 


Botany : 

Riant Breeder 

H. P. Bezbaruah, M.Sc.. Ph.D. (Gau.) 


Agricultural Economics : 

Agricultural Economist 

R. ('. Awasthi, M.Coin., LL.B., Ph.D. (/Xgra) 


Asst. Plant Physiologists 

B. N. Gogol, B.Sc. (Gau.) 

L. Manivel, M.Sc. Ag. (Madras), Ph.D. (Cali- 
fornia) 


Advisory : 

Senior Advisory Officer 

P. C. Sharrna, M.Sc. (B.H.U.), Ph.D. (London), 

F.L.S. 
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Advisory OHicrr 

r. K. Ghosli, B. Sc. (Patna), Assoc. I.A.R.I., 

Ph.D. (Cornell) 

Upper Assam : 

Advisory Officer 

J. Chakravarlec, M.Sc. Ag. (Ciau.) 

Lower Assam : 

Advisory Officer 

B. Borlfiakur, M.Sc. Ag. ((iau.) 

Assl. Advisory Officer 
S. C. I)( y 

J^nrtk Bank : 

Advisoty Officer 

S. Basil, B.Sc. Ag. (Hons) (Delfii), Assoc. 

i.A.R.r. 

Asst. Advisory Officer 

M. Karook. B.Sc. Ag. ( P.N.A.lJ . ; 

Uacfiar : 

Advisory ( )fficer 

S. K. Sarkar, B.Sc. (Caf ), B.Sc. Ag. (B.H.U.) 

yfist Bengal : 

Acfvisory Officer 

H. Mitra, B.Sc. (Cal.) 

Dooars & 'ferai : 

Advisory Officers 

B. (I. Barhora, M.Sc. Ag. (l.A.R.l.) 

15. C. Pfiukan, 15. Sc. Ag. ((iau.), .A.I.F.C, 

Darjeelirm : 

.Advisory Offitir 

R. Padinanai:)an, 15. Sc. Ag. (Madras) 
SKNIOK SI AM’ MA'rrpRS 

Appointment 

Mr. Ashok Sahney was a|)pointed on 23r(f Jura- 1976 
as Fstatc Manager for botfi Borhhetta and Pocklai Di- 
visions. 

Transfer 

Mr. B. C. Phukan, 2nd Agronomist, Borlilielta, was 
Iransfcrn'd to Advisory Department as Advisory Officer 
designate for Dooars on Gtli July 1976 and lie is stationi'd 
at New (.Mmmta Tea Fstate, Dooars. 

Retirement 

Mr. P. K. Lala, Asst. Accfinnls Offic er retired from 
Association’s .service on 31.st March 1977. 


PRAINEKS 

I'wo ofhcials from Mauritius, Mr. Y. K. Dwarka 
and Mr. Rarnduth Boodhrani, attended four months’ 
training in tea culture from mid September *76 to mid 
January ’77. 

Two Vegetative Propagation Courses were conduc- 
ted and Eight trainees eacfi attended these cour.se.s. 

One Junior Scientific Assistant under R D Scheme 
and anolher from a I’.R.A. rnernher garden, attended 
short courses of (raining. 

EECrURE COURSES 

The following lecture courses were held during th(! 
year : 

l'i(‘ld Managianent courses 

1st Course from llth Octolier to l.‘5(h October, 1976. 

2nd Course' from 18th Octobi'r to 20th Oclobt'r, 1976. 

Surveying ami Drainage* course for Plantt'rs 

1st (’oursi' from 27 1 h Dcci'inlicr to 31st December, 1976. 

2nd Course from 3rd January to 7th January, 1977. 

3rd Course from 17th January to 2 1 st January, 1977. 

visi rs 

'The Director proceed, s abroad from 22nd August ’76 
to 23rd November ’76, atti'iidccl (l.S.l.R. Coverning 
Body meeting at De'lhi from 21st De-eembe'r ’76 to 10th 
January ’77. He also visited (lak iitta & Euckneiw to 
attend C.D.R.l. nu'e'ting from 12th De'ceanbcT ’76 to 
Ifith December ’76, Madras tei attend the (ieiverning Body 
meeting of C.D.R.l. from 2.5th January ’77 to 1st Eeb-< 
ruary 77, Caleaitta to attenel the meeting of Indian 
Ply-We)od Associatiein from 18th Ee'bruary ’77 to 20th 
Fe'bruary 77, Calcutta to attend Agro-lkieinornie Sub- 
( lornmittee me'e'ting from 27th February ’77 to 1st March 
’77, Delhi to attenel a me'cting eif ffS.I.R. anel elis- 
e iission with ( ’omme'rce Ministry from 9th Mare h ’77 
to 13th Marcli ’77, Calcutta from 20th March ’77 te> 
21th March '77. 

Dr. lA Rahman atteneled Agricultural Sub-Commi- 
tte'c meeting anel A.G.M. of T.R.A. at Caleaitta and 
I’.A. 1. /I'*..A.O. Seminar in New De lhi. 

Dr. V. S. Rae) atteneled We'cd Scie'nce Ckmference*/ 
VVe)rkshe)[) organiscel by the Inelian Seiciety of Wee'd 
Science* at Hyderabad. 

Dr. R. (f Awasthi, Agricultural Eea)nornist visited 
in March & April, 1977 Punjab Agrieadtural Unive'rsity, 
Ludhiana for twe) months training pre)grarnme in tlie 
Department of lA‘one)mics & Se^ciology. 
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Mr. N. S, Vcnkatakrishrian, Ck)st Adviser and Mr. 
S. K. C-hakravorty, Senior Scientific Assistant attended 
the Annual dost (k)nf(Tcncc organised by T.Cl.W.A. 
at Bombay. 

I)r. P. (I. Sharma attended a meeting of the Indian 
Standards Inaitution, Dcllii, in August, 1976 & Natio- 
nal Seminar on 'Pea in N(*w l)(‘lhi in Novemb(‘r, 1976. 

Mr. S. K. Dey visited New Delhi to attend (!.S.I.R. 
meeting on U.N.D.P. Project on 2Bth June, 1 976 and 
he attended F.A.I. meeting at New Delhi on 8th De- 
cemlx'r, 1976. Again he visited d.S.I.R. New Delhi 
on 28th December, 1976. 

Dr. II.P. Be/baruah visited National Botanical (ianhai, 
Lucknow. 

Dr. li. Manivel visited Jute & Agricultural Rtsearch 
Institute', dah'utta. 

visrroRs 

'IIk' following distinguished persons visited d'oeklai 
during the' year under review : 

Mr. M. S. Kothari, (Ihief donsultant, Punjab Se'ctor 
17, (:handi garb. 

Mr. S. K. Ma/umdar, Regional Managei, State 
Piank of Intlia, Sliillong. 

\Tessers S. L. Kapur and S. (hmdiah ol National 
(Ihemieal Laboratory, Poona-8. 

xMr. B. Rajul)ettan, (Chairman, ( loonoor I'e'a IVade 
Association, ( '.oonoor. 

Mr. \'j. N. dopichandran, Vice dhairman, dochin Tea 
'Trade Association, dochin. 

Mr. i\. ¥. T.phiaim of Tata-f'inlay, Bangalore, 

Mr. 1’. L. Perumal, President, Neelainalai Plantations’ 
Workers LJnion, doonoor, Nilgiiis. 

Ml. M. Lanurnd, l..S.d,, Londein. 

Mr. (i. 1. D'Souza, Diie'Ctor of Research dolTee Board, 
Bale'honnur. 

Mr. I, Pengen Ao, Director of Agriculture, Nagaland. 

Mr. AI. Sharin', Liaison Ollieer, ('olTce Board, Banga- 
lora'-d. 

Air. T. B. Patnaik, Deputy Defence Alinistcig Govern- 
ment of India. 


Brig, d, Vankariga, 41 Sub-Area, d/f) 99 A.P.O. 

Dr. S. K. (jhosh. Project do-ordinator, F.d.L, Durga- 
pur- 12. 

Dr. R. N. Mathur, P-22 Prince p St., (Lalcutta-13. 

Mr. F. H. Stroud, dhuapara Tea Estate, Doerars. 

Mr. R. Lall, Andrew Yule & do., dalcutta. 

iVIessers S. P. Popli and V. d. Vora of d.D.R. Institute, 

larcknow. 

Mr. F. Al. Bhatti, dynarnid India Ltd., Bombay. 

Mr. A. Bhowrnik, (iynamid India Ltd., dalcutta. 
Major Ch'iieral M. S. Dhillon, HQ, Eastern Ckrmmand, 
Mr. P. dliarle's, damellia Exports. 

Mr. S. Y. Padrnanabhan, Director, d.R.R. Institute, 
( art lack. 

Air. Joseph Thomas, Biology Division, ILARd, Bombay. 
Air. Kre-shnaduth Mussai, T’actory Alanage-r, 'Tea Inve-st- 
rne'nl, durepaipe, Mauritius. 

Mr. M. A. Rabie of Tea Board, dalcutta. 

Mr. Y. Hara, Mitsui Norin do. Ltd.j Fujieda, Japan. 
Mr. .\. Shilruya, Alitsui Norin do. Ltd., Fujieda, Ja[)an. 
Ml'. 1). \j. xNeak'. Visiting Agent, Malayalarn Planta- 
tions lad., (!ochin-3, Kerala. 

Mr. 1). J. Molfatl, F.A.O., Rome. 

Margaret Fulton, Doonan, 7 Sirnsons Slrc'Ct, Balmain 
.N.S.W. Australia. 

Marie MeDonald Howes, Writer Home Eeamornist/ 
doerke'iy Writer', 1 Rawhit Stree't, Ro.st'ville, N.S.W. 
2069, Australia. 

Mr. ( iurbakhsiisingh Sibia, Irr igatie)n(Si Powe'r Minister, 
Punjab. 

xMr. S. K. Mukhe'rje'e*, dalcutta University, 33 Bally- 
gunge (lire: ular Rerad, dalcutta- 1 9. 

Mis. Vidya Stokes, M.L.A., ‘PremaT, P.O. Thane- 
elhar, H.P. 

Mr. Ainrit Singh Ratlierre', A.S.R. farms, P.O, Pujashr, 
.Simla. 

.Mr'. Ram Rakha Mai, M.L.A.,V. cKc P.O. Nangran, 
11. P. 

Mr. Thakur Sen Negi, AI.Ij.A., H.P. 

Mr. Sita Ram Sharma, ALL. A., H.P. 

Air. Dhaiam Singh, ALL. A., H.P. 

Mr. Bhikharn Ram, ALL. A., H.P. 

All'. Siri Ram, dhambc'r M.L.A., H.P. 

Dr. dhabah Kulu, ALL. A., H.P. 
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Md. Urnaruddiri, Minister, Airriciilture Sc [rritration, 
Assam. 

Dr. L. S. N(*gi, Vice Chancellor, Assam Agricultural 
University, Jorhat-13. 

Mr. ]. N. Sharma, Additional Deputy Commissioner, 
Sibsagar District, Jorhat. 

Mr. A. K. Singh, Deohall lea Mstate, 1^0. Hoognjan, 
Assam. 

Mr. P. A. (Dayton, Horsapori 'Tea Kstate, Assam. 

Mr. D. K. Cioswami, Ciobindapon* d'ea I'Lstate, d’itabar, 
Assam. 

Mr. R. C. Chib, Indian Institute of Management, 
AhuH'daljad. 

Mr. 1\ K. (iovindachari, C.L.R.I., Madras-20. 

Mr. Ci. S. Sidhu, R.R.L., Hyderabad-9. 

Mr. W. S. I itus, Hindustan I’itus, New Delhi-1. 

Mrs. P. P. I rivedi, C'omrnissioner Plains, (iauhati. 
Mr. B. P. Pal, P-11, Hau/. Khas l^nclavc*, New Delhi- 16. 

Mr. D. K. Cangopadhya, Deputy Commissioner, 
Sibsagar, Assam. 


Mr. Pradip Mehra, Asst. Commissioner, Jorhat, Assam. 

Mr. Rakesh Mehta, Asst. (Jommissionei*, Nowgong, 
Assam. 

Zafar M. Iqbal, Associate Prolessor, University of 
Illinois of Medical Centre, Chicago, U.S.A. 

Mr. Nirmal j. Singh, Ambassador, Ministry of External 
Affairs, New Delhi. 

Major Ceil. V. K. Kaul, National Defence College. 
Croup (.:apt. S. K. C. (hij)ta, National Defence Ckdlege. 
Caj)t. (I.N.) J. N. Sahul, National Defence' College. 
Capt. (I.N.) D. M. Gadihoki, National Defence College. 

Brig. W. H. J. Withak, British Army, National Defi nce 
College. 

Brig. (;. A. Ra.ssas, Natirmal Defence College. 

Major Gen. M. C. (iupta. National Defence College. 
Air Cdre. M. L. Sethi, National Defence t:ollege. 

Lt. Col. S. P. R. Nair, National Defence Clollc'ge. 
Major (ien. F. A. Ameen, Iracp Army. 

Col, Wali Mohammed, Afghanistan Army. 
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General 

Mr. S. Basu took over as Advisoi'y Officer, North 
Bank and Mr. I I. Mitra, in turn, was transferred to the 
West B(*ngal Advisory Branch in July. 

Mr. B. C. Phukan, Second Agronomist, joined the 
Advisory Department in r3ccembcr and was posted as 
Advisory Officer, Terai & Western Dooars in West 
Bengal. 

d'here lias been considerable number of resignations 
from the cadn* of Fi(dd-cum- Junior Scientific Assistants 
both in West Bengal and North Bank and efforts have 
been made to fill up the vacancies. 

'Phe Upper Assam Advisory Branch, was started last 
year in a rented house in I'ingri ( an le and arrangements 


are being made to acquire suitable land for establish- 
ment of a full fledged branch. It has also been decided 
in principle to open Advisory Branches in 'Tripura and 
Himachal Pradesh ne.\t year. 

Visits 

f Compared to previous year the membership during 
the current year inc^reased in all areas except North 
Bank. During 1972-73 total membership stood at 535 
covering 73 total production in North-East 
India in 1971 while in 197b-77 the figures went upto 
697 and over 62% of the total North-East Indian 
production during 1975. 


Table 1.1 Details oj Advisory Visits paid in the Member Estates duririfi 1975-76 & 1976-77. 
No. ol visa paid 


District 




1970-77 

South Bank 

Mi] 

479 

Noith Bank 

771 

228 

( ’at liar (inrludinf^ I ripiira, 

kh; 

154 

Dooars 

.Slh 

299 

'I’crai 

'12 

09 

Darirt ling (int lutliiiK Sikkitn) 

125 

112 

I’OrAI. 

1280 

1310 


'There was an increase in the total number of advisory 
visits to member estates in South Bank. The Advisory 
Officer, ( 'aehar was over burdened with a large number 
of visits he had to [)ay because of the demaml even 
from Tripura E.states. Similar was the picture for 'lerai 
in West Bengal. 

Crop & Weather 

In Upper Assam rainfall during the period March- 
September was comparatively higher than the previous 
year. CDctober was variable whilt' the cold weather 
rainfall was again suflicic'nt exci-pt in Naliarkatia sub- 
area where it was rather low during Novtanber. Some 
report of hail storm dtiring the early part was also rece- 
ived from Naharkatia sub-area. Upper Assam estates, 
except Doom Dooma Circle, registered a margiral decre- 
ase in total production. 

The distribution of rainfall and the weather condition 
in the remaining part of the South Bank was compara- 
tively satisfactory ('xcept parts of Nowgong and the 
estates in general closed with a reasonable increased 
yield. 

The weather and crop p)osition in the North Bank was 
similar to that of South Bank except parts of Upper 
Assam. 


). of Mem 

iIxT I'Alalcs 

Total nunil 

>rr of MtnnbtT 

visilfd 

durinfij 

T.slalfs 

; during 

197.5-70 

1970 77 

197.5-70 

1970-77 

295 

297 

303 

312 

94 

87 

100 

94 

50 

71 

1)4 

73 

93 

100 

103 

119 

22 

25 

23 

33 

5<i 

02 

59 

()0 

019 

048 

()52 

097 


'Idle estates of (kichar took a good start with early 
and well distributed rain. Sonu* estates in Happy 
Valley, North Cachar and Hailakandi were affected by 
hail. Unfortunately, tlu‘ continuous and he ivy spell 
of rain fiillowed the good early season and the conse- 
quent disirous 11 )od in the district during June/July 
cau.scd widespread damage. Inspite of all tliese mid 
s('ason adverse climatic' cf)nditions, the district on tlu' 
wl'.olc ended with liigluT production. 

It is interesting to note that inspite of late sjiring drou- 
ght the estates of Nhigrakata and Cdialsa sub-areas did 
not show any sign of reduction in crop comparc'd to 
other snb-ai('as after the droughty sjiell was over. 'The 
periods from July-September and autumn were favour- 
able for crop production. Novemb(‘r rain in the Dooars 
helped unprmual tea. In general, the year was favour- 
able for most ( State s who made some extra crop. 

Wht'atlu'r in Darjeeling was comparatively favour- 
able and insfiite of mild to moderate hail storm in Sonada, 
'I’ingling and dVt'stavalley sub-areas, the total harvest 
of Darjeeling was higher than during the previous year. 

Land Planning and Drainage 

We have succeech'd in convincing the planters to 
adopt contour draining but master row planting has not 
yet been accepted in general. A point that emerged from 
the various discussions is that if proper land planning is 
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lollowcd and contour drains arc provided, plantint^ 
across the general slope would ultimately be more or 
less in straight lines in areas witli gentle and uniform 
slope and if this system is followcJ it will be nearer to 
(he objective. However, a regular follow up of this idea 
as well as practical demonstrations have (o be arranged 
to drive this point home. 

It has been felt (hat there is a large scope for improv- 
ing the drainage system l)y realigning tlu‘ drains in exist- 
ing (c‘a areas but much lernains to Ix' achievetl yet. In 
sonu' ar(‘as undersized culverts on (lie railway tracks and 
the National High way with the Ix'd of the culvert oftem 
at a higher level (lian the general ground level conli- 
nued to pose problem for easy flow of (“x<‘ess water in 
many (‘states. Siltc'd river beds furth(‘r aggrav it(‘d the 
problem by causing back pressure through the main 
oiith'Is when the rivers remained in sj^ate. A concer- 
t(‘d effort should be made by I'RA and Industry to a[)p- 
raise th(' (iovernnient to correct tlu* existing drainagi* 
situation by providing new culverts of adc(jualc si/.e on 
(he high ways and other roads and by dccp(‘ning 
and widening them wber(?vcr [)ossibl(‘. 

IKA HUSBANDRY 

Pruning Cycle 

As in last year, the t(*ndency for crop orient('d pruning 
< yx'le continued in all areas with slight modification 
depending on weatlier, labour availability and suitabi- 
lity of the sections. It was gem'rally observi'd (hat tlu* 
new wood at the pruning level became C('>nsiderably thick 
in long pruning cycles and use of slashing knives caustxl 
.s[)litting of wood which is very detrimental. Use of 
smaller pruning knives can avoid such damage. At the 
same time, emphasis was given to the need of leaving 
comparatively longer wood following an extended prun- 
ing cycle. In North Bank, a number of estate's kept 
the bushes unpruned where irrigation was assured. 

In Darjeeling, conventional five-y(‘ar cycle like* LB- 
UP-LS-DS-UB in the mid and higher elevations conti- 
nued to be followed whih* a shorter cych' was followed 
in lower elevatie^n and on Assam hybrid teas. 

A point of interest was that in the Dooars late pruning 
even after middle of January was followed by some 
estates with the idea of harv(‘sting mon! back-end crop. 
'Phis may, however, result in some loss of early crop. 

Rejuvenation 

In successfully rejuvenated plots where infills have 
been established, it was observed that the yield in the 
third year after rejuvenation exceeded the average yield 
before njuvenation. Some cases of failure have also been 
reported which were mainly due to wrong selection of 
sections in respect of vacancies, age, kind of tea, drain- 
age, substandard infills and their proper care etc. 

Rejuvenation pruning as a treatment mainly against 
Aglaospora and for rehabilitation was done on large scale 


in Darjeeling and the 'Fea Board incentive induced many 
estates to introduce! this method of improving old teas. 

Plucking 

Black plucking was tried by some estates and the ex- 
periment indicated that it is good only for vigorous teas 
and where the shoot growth was fast(!r. Under most 
otlier conditions, this system of plucking was 

not found suitable. As a result most of the estates 

did not ado|)( this system of plucking and continue!;! to 
lollow standard method of plucking except a few of the 
South Bank estates. 

In the North Bank, black plucking did not increase 
the ert^p. rhis could be attributed to the I'act that 

tlu' plucking was so hard that in some case's even the 

janams w(!r(‘ erroneously removed ri'sulling in practi- 
cally no rise of the plucking tabh'. Fhis was undesir- 
able. 

In Uaebar estate's black plucking did not [irove benefi- 
cial. 

Bushes in the Dooars and 'Ferai whicdi were [iluckcd 
hard sullcred most from the late spring drought. 

Darjetling’s main problem has been to imprrjve the 
elFicic'ncy ol plucking. Fhe si/.e of* the shoots, pruning 
eycl(*, slope, height of (he bushes, pluckerks elliciency 
and shortage ol‘ pluckcrs had a combined clfect orj the 
yield of I!)aij(‘eling lea. d’o obviate some of iln se dilFi- 
cultic's, various combinations of pruning tnxitmenls and 
tfieir timing were tried. As in othi‘r areas, the chronic 
prol)iem of inadequacy t)f labour during the peak season, 
particularly for tlu' unpruned teas, still remainc'd a pro- 
i>lem there in F)arj('eling. 

Young Tea 

In most areas a population of 16,000 to 20,000 f)Iants 
p('r ha lias become more common than in the past. Some 
companit's in Upper Assam accepted pegging as the 
method of bringing up young tea while others contimu'd 
to follow normal decentering and frame formation 
prune. On the contrary, pegging of young tea has not 
yet been fully familiarised in the other parts of South 
Bank although odd estate's are giving the method a fair 
trial. "Fhose estates when! the method of pegging has 
not yet gained popularity, the main reason appeared to 
be the initial high expenditure and requirement of inten- 
sive supervision with proper lidlow up which could not 
be made available to those areas. 

North Bank estates have also been trying *‘lraTn line’* 
pegging in a limited way. It appears that the success 
of this system of bringing up young tea is closely asso- 
ciated with a very high yield during the first 2-3 years 
to cover up the expenditure involved. 

While pegged bushes had the advantages of very 
little recentering at the time of frame forming prune, 
in some cases, pegged branches seemed to be suceptible 
to sunscorch damage when they were exposed to sudden 
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insolation. In such cases, protective measures like 
covering the exposed frame with pruning litters could 
be considered. 

In the Dooai’s & 'Ferai, however, pegging was practi- 
sed only in a limited way. Normal method of centering, 
rccentering with the frame Ibiining prune has rather 
been followed. 

Deneeling estates setmu‘d to have shown some keenness 
It; uprooting and r(‘()lariting and also to extensioa. Infi 
lling 111 the lejuvenation plots has already take i a start 
with the iruentivi* of the Tea Board Subsidy Scheme. 

In general more attention was paid to young tea areas 
all over and the standard of management improved 
consid(‘rably. Young tea received the priority tor mul- 
ching in all ari'as and at tlie same time attention was 
paid to ke(’p ilumi weeal free as much as was possible. 
In this reg ird some estates came up with chemical 
weed control programme in young tea in a big way. 

Planting 

I’Ntensinn planting, wherever land was available, 
continued to recadvc’ top priority inspitc* of constant 
advice on the nwd of uprooting and re[;)lanting. 

Most of the estates have already planted up the suit- 
aide areas and many of them went ahead witli co;n- 
parativady marginal and sub-marginal land with the 
hope that advanced tc'chnology on soil and bush mana- 
gement would be able to deal with tlie prolilems asso- 
ciated with sucli areas. 

Block infilling of edd tea was favoured moia* than 
individual infilling as block infilling seemed to recpiire 
comparatively less attention which the estates could 
afford to offer at present. However, there were examp- 
les of estates particularly, in (doalpara sub-area where 
signilicant iiKTease in crop from infilled sections was 
claimed. l’V9 and TV 18 remained more pojmlar for 
infilling and lately TV19 is also bidng tried. In most 
cases, planting pits did not appear to meet the standards 
laid down by d'ocklai. 

PROPAGATION 

(a) Clonal Selection 

Substantial increase in the number of enthusiastic 
estates for clonal selection kept both the Advisory as well 
as th(! Plant Breeding teams on their heels. It is hopped 
that more and more estates would join the scheme and 
in near future a handful of good clones would be avail- 
able to the industry. 

(b) Vegetative Propagation 

Increasing number of estates were inducted to adopt 
north light overhead shade nursery and the overall per- 
formance of this type of nurseries, was highly satisfactory. 
However, cases have been reported where faulty water- 
ing, late transplanting into the sleeves etc led to poor 


.success but these are being solved gradually to the advan- 
tage of the estates. 

Wherever TV 18 is available, it has been replacing 
TV9. Peen Ali 17/1/54 is also becoming more popular 
in some of the droughty areas. Estates have also taken 
interest in propagation the newly releasetl Tocklai 
clones like 'l’V19, rV20, rV21, 'rV22 & rV23. In 
odd cases wheri! poor growth of cuttings was associated 
with sub-acidity, aluminium sulphate appeared to have 
helped the growth of the cuttings. 

Vegetative })ropagation work has not gained monu^n- 
tum in most of the Darjeeling estates. This resulted in 
shortfall of available* plant material for n’planting and 
extension in the district after ther d{‘mand for infilling 
was m(*t. 

(c) Seed 

A number of estate s ceintinue-d to show interest 
in e-stablishing seed baris of Tocklai liiclonal 
stock 449, 45') & 397. As these seeds are neit easily 
available*, many estate-s are still using stock 203. 

Heavy demanel feir Nanela Devi scerd ce)ntinucd to 
pf)ur in freirn 1) arje*e“ling estate's. 

FI d<TI LI ZER 

(a) Nitrogenous Manures 

rill* te'u.le'ue y of over-manuring ajipeared to be* eleclin- 
ing. Mrxt estates re'stricted their manuring to the* higher 
limit of 13:5 kg N/ha. H:)we‘vi*r, there are still except- 
ions. Daring the course eif visit, it was also observed 
that some* e'slate's e'ontinue'd te) apply the highest recom- 
nu'ude.l dose (135 kg N/ha) uniforrnally over the e'utire 
e stal * irri*spe'e:tive eif the yielding capacity of the sections 
or shr.le status. Efforts were made to elissuade the 
managers from this praetice. 

(b) Potash Manuring 

I'ixeepi in We st Be ngal, potash manuring on the basis 
of soil analysis continued. 

In We-st Be*ngal, application ol’ 40 kg KgO/ha as 
routin'* praetiee once in thre'c years was aelopted. 
4 here were occasions when it was felt that higher doses 
upto 109 to 120 kg K.^O ha could benefit the bushes. 
'I'lu'se* rate's were accordingly tried and were 
reported by the management as useful. However, 
final results of the trials arc still aw«aited for a firm 
recommendation for West Bengal. 

(c) Foliar Application of Urea & Zinc 

Reports of beneficial effects from foliar application 
of urea during autumn and cold weather and that of 
zinc during the early season, particularly in old and re- 
planted teas were received practically from all over 
the area although the final result of the estates trials is 
still awaited. Spraying of Magnesium sulphate was 
also claimed as beneficial for some tea in the Dooars. 



Focklai Experimental Si ation 


(d) Spraying of Micronutrients 

Many estates have started sprayint; of niicTonutrient 
mixture easily available in the market at their own ini- 
tiative and a few estates have claimed beneficial results. 
New experiments have already been planned and are 
being initiated by the deparlment to lest the validity of 
siu h claims. 

(e) Manuring of Young Tea 

Liberal manuring of young tea continued all over. 
New experiments have alrtrady been designed to find 
out the optimum ref{uirement in the context of the new 
method of bringing up young tea. 

Weed Control 

'I he problem of weed control in young tea was more 
acute than in mature tea. 'I’he reasons are two fold 
firstly, the use of herbicide in young tea areas requires 
spec ial attention and secondly, the ground coverage is 
much less cornparc-d to mature tea and, therefore, the 
growth of wc'cd is mcjrc profuse. Nevertheless, use of 
herbicide both in mature and young tc*a continued to 
increase. 

No suitable herbicide is available to the industry to 
keep th(' resistant weeds like Polyifonuin chinense, Diascoria 
balbifera, Ipomea cymosa^ Selaria palmifnlia and Digilaria 
sanguinalis under control. Hand removal of the weeds 
around the collar of young tea and in some cases, in 
mature* tc'a also was practised. Use of pre-emergent 
wcx'dicides like Diuron appearc^d somewhat elfective 
in odd case’s. 

Mulching 

With the growing awareness for mulching young tea 
as re[iorted earlier, slow dc'conqiosing material with 
the addition of 20 kg N/ha continuc'd to be used. In 
the Dooars some estate’s trie'el to make the best use- e ven 
of Mikatiia as a mulch. I’resh cuttings eif Mikania were 
spread in the interrow space and 2,4-1) at 1 in 400 w'as 
sprayed immediately altheiugh the* elanger of fresh reiot- 
ing of c uttings, in case of failure to spray them thorou- 
ghly cai not be completely rule*d out at this stage. 

The estates of low and mid elevations in Darjeeling 
were now more concious and are trying to grow (luate- 
mala for the purpose! of mulching. In the higher ele - 
vation, elforts were made to grow fodder sugarcane 
(Co 290, Co 301, NB 19 & 21). 

Shade 

Planters are aware that a correct stand of shade in tea 
is nc'ccssary. In an attempt to achieve this, thinning 
out of shade in the heavily shaded areas, reshading where 
necessary, and/or replacing the old ones gained momen- 
tum except in the Dooars. 

In the Dooars, shade trees have been deteriorating 
fast mainly due to ageing and storm injury coupled with 


pests and diseases. The shade in young tea remained 
generally poor. Shade tree imrse’ries in the Dc^ioars 
was yet to be conside rably improved. Septcml)er plant- 
ing of shade trees was reported successful in the Dooars. 

In Darjeeling, shading of tea in high and mid eleva- 
tions, and in the! northern aspects is not Ibllowed. 
In low elevations, Sesbariia sirieresrences was being 
introduced as a temporary shade. 

PES'F & DISEASE 

(a) Pest 

Mite’s still continued to be problem for many estate's 
of Assam including Cachar. Re'd spide'r and scarlet 
mite* were more* abundant in the c’arly part of the se*ason 
and in lJ]:)f)e’r Assam, these vve*re observed in Se[)te*mber 
as well. Loope'r caterpillar caused large se:ale damage 
in many estatets around 4’e/pur, Orang and Borsola 
sub-areas during April-July. Bijne:h Ualerpillar also 
appeare*d in some estates of (iolagliat and Moran sub- 
are as ol the Soutli Bank. 1 he situation witli loopei' 
became* ejuite serious in some* estates ol'the north as well 
as the south bank and all the approved insecticides failed 
lo control loeiper spe*cially whe-n they w-ere* full grown. 
Badly affected se!ctions were treated liberally by increas- 
ing the tipping measure and by applying extra manure 
lor be'tte'r receive’ry. 

Thrips wi:n' on the increase. Hard plucking follo- 
we'el by spraying e)f insecticide* iinprove*el the situation 
in most case’s. Cre-e'ii fly anel flush weirm we're alse) 
ob.served me)re in tlie* pruned and de(*p skilled are'as. 
Re'gular sj)raying against green fly in ee)mbinatie)n with 
I)hicking oi' the flush worm afh'cted slioots lielpc'el to 
ceintrol the situation in many case's. 

Ciaterpillars were mainly confmeel to shade tree. Re'- 
gular stiraying against tlu'se' insc'cts both in the nursery 
and af\('r transplanting in the field for 2-3 ye'ars was 
slresseil e^luring advise^ry visits. 

In the Doeiars, increa.se'd incide*nce' eif purple, scarlet 
and )>ink mite's was observed. As in Assam, thrips and 
green fly continue-d to pose threat to the' early flusli 
and seve*ral remnds of 'I hiodan had to be' repeale*el. hoo- 
per created similar problem in a numbe’r of estate's in the* 
k^astern Dooars. Baradesa omissa a pe st e)f Denis robusta 
was increasing during the last cemple e)f years in Doom s 
anel Te rai. 

In Darjeeling, green fly, mites and thrips continue’el 
to be the major pests. 'Vhe estates of Darjeeling had 
not yet taken effective* steps to control the green fly and 
thrips for the fe’ar of le)e)sing the quality and flavour 
although there is danger of potential loss of crop. Red 
spider was unusually he avy during October and Novem- 
ber and caused defoliation at a later stage, lliis was 
particularly true for hybrid and Assam teas. Hairy 
caterpillar was observed in localised patches in a few 
low elevation estates. 
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(b) Diseases 

While n'(l rust was not much of a problem in tlie 
North Bank, black rot appeared in some heavily sliaded 
sections, particularly in estates where timely spraying 
was not done. On the contrary, report of red rust and 
black rot were more common in the other parts of Assam 
including Cachar. Primary root diseases including char- 
coal stump rot and black root rot were observed. A 
couple of cas(!s of red root rot was also reported. While 
ihc conventional method of controlling the sprt'ad of 
these diseases by uprooting the allectcfl ones and by 
digging trenches continued, soil fumigant against these 
primary nK)t diseases were tried by some estates with 
promising results. Blister was a cause for concern both 
in South and North Bank and some estates claimed to 
have lost some early croj) inspite of regular spraying 
with copf)er I’ungicide. This disc'ase was observed more 
in pruru‘d, deep ski fled and lu'avy pruned areas. 

Black rot and red rust continu(‘d as major disea.ses 
in the Dooars and Terai, while blister blight was rated 
lirst in the order of importance in Darjeeling. Mild 
incidence of red rust also observed in Darjeeling in some 
of the mid elevation estates. 


Primary root diseases were on the increase in the 
Dooars and 'Terai but, no elTective control measure was 
yet taken by the estates. Aglaospnra continued to pose 
a problem to many Darjeeling estates. Root spliting 
disease {Armillaria tnellea) was found to have done consi- 
derable damage to tea in Sikkim while other primary 
root disea.scs n‘ported elsewhere we re also observed in 
Darjeeling. 

Small reddish brown spots on tender leaves, inter- 
nodes and even on buds were recently observed and 
studies were in progress to establish its causes and ass- 
e.ss its (‘('onornic importance in Darjeeling tea. The 
spots normally appeared after June and its incidence 
was observed more in high elevation, particularly in 
unpruned Clhina hybrid. 

Advisory Out-Station Plots and Experiments 

'The plots at the out-stations were maintained for 
distribution of cutting ol "Tocklai released clones to the 
member estates and for conducting some k)ok-sec trials. 

(a) Release of Tocklai Clones 

The details of distribution of cuttings, generative 
clones and .seeds from various out-stations and Tocklai 
to member estates are given in Tabh* 2. 



Table 1.2. Distribution of cullitufs, scions. 

general we clones and seeds from 

various Out-Stations 

and Tocklai 



Out-Stations 

VP cuttings 

Scions 

Cienerative 
(lit tings 

( imerafive 
scions 

S<‘cds 
(in kg) 

Plants 


South Bank 

North Bank 

Carhar 

877,4('>7 

210,r)0() 

127,441 

4,770 

087 

20 

22J(>5 

075 

710 

(Nandadevi 
seed from 
Borlilietta) 

70 


D(H)ars & Terai 

.')842J()(> 

5,820 

17,4f)0 

4,545 

225 

(.\anda Devi) 



*1 Vital 

1830,414 

11,297 

.39,(1 15 

5,221) 

935 

70 



(b) Green Leaf 

Green leaf harvested from different out-station plots 
are stated below : 

North Bank : 4,724 kg 
Gachar : 5,524 kg 
Nagrakata : 29,294 kg 

(c) Experiments 

The following trials were in progress at Nagrakata 
Branch plot. 

(i) Long term agricultural trials with different 
clones. 

(ii) New long term trial with different clones. 

(iii) Nitrogen response to diflerent clones. 

(iv) Biclonal stock trial with various Tocklai stocks. 

(d) Quality Testing Scheme 

Only one clone was offered for testing which was 
planted out in 1976. Four Kopati clones were also 
planted out in autumn 1976. 


(e) Clonal Proving Station (Darjeeling) 

'I'he details of the trials conducted at the clonal prov- 
ing station, Darjeeling are presented b(*low 


Tabic 1.3. Pefdits of exf)erimcnt\ in Clonnf P rovin'] Station, Darjeeling 


SI. 

Trial 

V<'ar of 

No. of 

Seed 

Ccrii- 

Remarks 

No. 

No. 

planting 

( lom^s 
tried 

jat 

tri(‘d 

bed 


1. 

A 

1907 

19 


7 clotu's 

Under 

trial 

2. 

V. 

1909 

(i 

1 

Under 

(rial 

-do- 

3. 

D 

1970 

(i 

1 

-do- 

-do- 

4. 

E 

1971 

0 


-do- 

-do- 

5. 

V 

1973 

8 


-do- 

-do- 

0. 

a 

1974 

7 


-do- 

-do- 


Three clones from trial ‘B’ and two from trial ‘G’ have been certifi- 
ed for Darjeeling. 


During the year under report, 1,325 samples were 
manufactured for evaluation of quality. The follow- 
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ing clones and jats wen! planted during 1976 for per- 
formance studies. 


1. 

Ha( 1 a m t a r n 1 6a / 5 7 3 

»T)oiitli bank r.ast 

2. 

Hadarntarn 1 be/ 138 


3. 

Key hung 1 


4. 

I’hoobsering 1315 

South Bank (k'utral 

5. 

Phoobsering 1348 


6. 

Phoobsering 1404 


7. 

RSY 12/40 

South Hank West 

a. 

MV 39 


9. 

Str)ck 165 

Noi’th Hank Isast & 

10. 

Nanda Devi Stock 378. 

West 


the planters and the scientists. riie details of the 
Seminars held during 1976-77 are given below : 

OrH’ seminar on l'aigine(!ring 
& Manufactun-. 

One Seminar on Plucl.ing & 
Manuring. 

One staniriar on Engineering 
& Manulheture. 

One seminar on weedicide & 
pesticide. 

Ewn seminars on j)runing. 


(f) Field Experiments on Tea Estates 

During lf)76-77, a numbea of (\\perim<Miis on n juve- 
natioM, infilling, ]3lu(king, NF^K manuring etc were 
continued. A C()mjd(*te and detail<*d list ol' th(\se ex- 
periments, e()nduet('d by this department is given in 
Appc'iidix A. 

(gj Area Scientific Committee Meetings/Semi- 
nars 

rhe numix'r ol' meetings held in the various 


districts is givi ri bc'low : 

South Hank F'.ast : 2 

South Hank ( lentral : 3 

South Hank VV(st : 6 

North Hank lias I : I 

North Hank West : I 

North Hank W joint : I 
( lachar 1 

1 )( )oa rs : 4 

Terai : 3 

Dooars & d'erai Joint 1 

Darjeeling : 2 


With the Area Scientific Oomrnittee meetings, open 
sessions were also held for the planters of the an*a 
to discuss the local [)rol)lems and these w<’re w(‘ll 
attended, d’hese meetings and open sessions proved to 
be useful platforms for frci! exchange of ideas between 


One seminar on Agriculture 
and Soil Science. 

On<' seminar on Plantation at 
(ioalpara. 

One seminar on plant protec- 
tion. 

( )ne spia ial seminar on “Dow 
to iitiprove yic'lds from 

existing tea”. 

(iachar ; One seminar on Manufacture. 

( )ne seminar on Improved 

Agricultural |u act ices tow- 
aids high productivity intea. 

One seminar on Drainage. 

Dooars : ( )ne scauinar on Ihaming. 

( )ne seminar on Pest & Di- 

sc ‘as(‘. 

I'erai ^ : ( )ne seminar on I'aigineering 

& Manufacture. 

One Sc'minar on Pest & 

Dis(‘ase. 

One seminar on Pruning. 

(h) Lecture Courses 

Two lecture! ('oiuses on “Field Managenumt”, each 
of three days duration and three! h'cture courses, each 
of five days duration, on “Surveying & Idrainage” for 
planters were held during the year, d'hc courses were 
well attended- 
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Suniinaries of a few interestinir experiments conducted 
by this Department are ^iven below : 

(a) Rejuvenation Experiments 

(i) Assam, South Bank Experiments (Nos. AS. 128 
AS. 130 & AS. 131) 


Three experiments, one each 

in 'Fara, 

I’eloijan 

and 

Khumt 

ai Fea Fstat(-s we re laid 

out dur 

ing 1974, 

tin- 

results 

(4 which are |)res(“nte(l in 'Fal)le 

1 .4. 



Table 1.4. } wUl of inf/dr tm in / 

ha for the 

rear I U7ti 




l’.\I>frimfn( Nos. 



d'reai ments 

— 





.AS I2« 

AS 130 AS 

1.31 

1', \n 

reiu\ ('na( ion (conp i >1) 

2197 

2331 

900 

l'.> - (!i)ld wt'uiher prune utid inhil in 




(1m- 

spring \\i(h a. \ igoroiis ( le>ne at 

2583 

IP, 85 

7(.7 

dou 

!.>le the number ol [)lauls per 




\';u ; 

UK \' plus one. 




Id (’,(ild Wi-iillier prune- und inhll in 




(he 

silt ing with a \ igorous ( Ioik- 

2139 

1753 

789 

.‘U ( 

louble lh(' number ol plants 




])<-r 

xiuaiK V plus one an<! .'ilso in- 




ii iplaiit to make inln heelge, i.e.. 




ifdi 

(' original spacing was I 'll) cm 




i: 

id fill make it inio 1 50 cm ' 




7.5 1 

fin. 




14 - I’l une in (nlv/.\ngus( and inhll in 




(he- ; 

aiidmm <'s in d o 

I 75u 

1239 

718 

hriUK.- in _jnl\ /.\ngn.s( and inlili in 




(he 

aiUumn as in d'j, 

1.5}ft. 

1311 

7(58 

..S.l), P 

.0.5 

71 

130 

NS 

- U) 


1.21 

9.09 

9.87 


In AS. 128, cold weatlK'r jinming (reatmeiU^ d'., and 
d’.j caused siiriiifieanl increasi- in crop over ) nly/.Vu^ust 
pnminir ('T, and 1’-) and ovc'r conlrol ( I\). In AS. 
130 also \ 2 and I'., significantly out-yielded F, and d’., 
although conlrol continued to product' the highest yi('Id. 
In l)oth the experiments, inlerplantinu had not yet shown 
any special advanla^H\ d'he treatment dillerenci's 
W('re not si^nllicant in the third experiment, /\S. 131, 
mainly because ol' the failure of the inhlls to grow satis- 
factorily due to continuous damage from cattle trespass. 

(ii) Dooars, West Bengal Experiments (Nos. D. 
43, D.44, D. 45, D. 46 & D. 47) 

Five experiments, oru’ each in Dalgaon, Matelli, Kil- 
cott, Rydak and Kumlai lea FstaU’S were laid out du- 
ring 1972. Idle results are presented in d'able 1 . 5 . 

In I''.xperiment Nos. 1). 45 & D. 46 rejuvenation during 
cold weather d’o & d' 3 ) produced significant increase in 
yield over July/August pruning (d ’4 & T^). Although 
the trend was similar in other experiments, the treat- 
ment differences were not significant. FiXeept in D.43 & 
D. 47, the highest crop still continued to be harvested 
from control plots. It is possible that by next year re- 
juvenated pilots will out yield control plots when the 
infills come into full bearing. 


Table 1.5. i hid of made lea in ktijha for the year 197(i 


rtoalnirnls 


t 1 \n K-juvcn.ilion (< oiilrol) 
id ( ’old wcMlhi r ptiifu-d ;uid 
infill in llu' spiiiii/ with a 
viy[<)i'(»us rioin- ;U d'n.bh- 
(h<- iiunihn ol pl.ints fXT 
\:ir;in< V plus otic. 

1 3 ( 'old uc.idict pt un«‘ and- 

iufil! in the sprintjj with a 
vi^oi'ons clono at doublet 
the nuinivr e*( pianis per 
\ ac an( y plus (•nc and also 
inle iplanl to niako into 
hedge i.e. if (he original 
spat ing was l.'■|(^^m ■: 150 
< in in. ike i! into 1.50 cni < 
7.5>‘in 

l.j - Ih tine Ml )nly/.\ngus( and 
inhll in the sntunin as in r 2 
I -, l*rnne in Inlv '.August anti 
inhll in the aninnin :is I’.j 
I.S1)(P .0.5) 

c. \-. 


J\xp(Tiin<-nt No.s. 


I). 13 

1).44 

1).45 

l).1l> 

r).47 

1085 

1198 

17.59 

172.5 

m2 

981 

1311 

1282 

129(i 

1158 

13.57 

1307 

1258 

1323 

1093 


9()8 

1 189 

1137 

1073 

P,50 

1 454 

1338 

118') 

1282 

1033 

NS 

NS 

91 

184 

NS 

2.4) 

5.95 

2..5li 

4.95 

10.02 


(bi Infilling Experiments 

(i) Assam Experiments (Nos. AS. 129, AS. 132, 
AN. l it) & AN 141) 

foitr expi'riiuculs on infilling were inilialt'd in South 
(S: North Bank of .Assam during 1974. Although infill- 
ing with ihret' plants per vacancy i.e. double the numlxrr 
j)his one, using both sta-il and ( lonal |)lanl.s increas(‘d 
till' yield by an avta age of about 3 . 0 '/;, over no infilling, 
the dillenai('(' was not significant. Fhe beneficial effect 
of infilling is likely to show ufj bt'tler when intills come 
in to full bearing. 


(ii) West Bengal Experiments (Nos. TR.3, TR.4, 
D. 37, D. 40 & D. 41) 

l'i\c expcriincnts on infilling weri' laid out in West 
Bengal (hiring 19t)9, ih(‘ rt'sults which are presented in 
lable 1 . 6 , 


lnsj)itc of substantial yield increase from infilling, 
the diffenmet's w(T(‘ not statistically significant. 'Fhe 
( ombined analyses of tlu^sc results is in pr(jgr(‘ss. 


(iii) Darjeeling Experiments (Nos. Dj. 36 & Dj.37) 

I he n'sults of Darjeeling (experiments also showed 
that infilling could increase yield to some extent agaimst 
no infilling although tlu'.se increas(es were not significant. 

(c) Foliar application of zinc 

(i) Assam South Bank Experiments (Nos. AS 

109, AS 112, AS 115 and AS 121) 

Four experiments, one eacfTin Panitola, Sepon, Dai- 
mukhia and Bokakhat tea estates were conductrxl in the 
South Bank. The results are presented in the 
table 1 . 7. 
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Table 1.6. Yield of made tea in kgjha for the year 1976 





Treatments - - 

Kxperiment Nos. 



Total <►! 

Average inerea.se in 


— 





all 

percent ov'cr control 


1 K .8 

'I’R.4 

D.87 

I). 40 

1).4! 

expls. 

T, 

No infilling. 1507 

598 

1547 

2080 

1278 

7010 


•'2 

Infilling with seedling at one plant per vacanc y 15()() 

f;52 

181G 

21.55 

1712 

7901 

12.7 


Infilling with clone 'r\^9 at one plant per- 1478 

vii<an<'y. 

809 

1757 

2814 

17(i8 

8891 

19.7 

T4 

Infilling with seedlings in a hedge i.e. donhle htJtl 

785 

1712 

2219 

1208 

788,5 

4.G 


itie number ol plants per vacancy phis one 







Ts 

Infilling with clone 'l’V9 in a hedge i.e. dou- 1787 

798 

1908 

2857 

1882 

8G72 

28.7 


hl<‘ the nnmher of jilants jxt vaeanev phis om* 







L. S 

. 1). (l* .0,1) NS 

NS 

NS 

NS 

NS 



C.V 

.% 5.:e. 

11. GO 

8.18 

1.G4 

lt..5fi 



In Ex.periment No. AS 109, ziric: sulphate at the 

rate 

12.5 and 25 kg zinc 

sulphate' 

per hecta 

re. No significant 

ol‘ 

12.5 kg per hectare incrc'ase the* yield signifieantly 

difference 

in yield due to various treatments was obscr- 

over control, 25 kg and 50 kg zinc sulphate per hectare 

ved in experiment 

No. AS 

124. 



whil(‘ tlu'rc was no significant clifTcrcncc between 25 and 
50 kg applications. 

No significant difi'erencc' in yield due to various rates 
of zinc sulphate was observed in exf)erinient No. AS 1 12 
but all of them increase the yield significantly over con- 
trol - 

Tabic 1.7. lield of made tea in I ha for the year 197(> 


'Treat fiKrits 


No /inr 


Kxpts. Nos AS 109 AS 112 AS 115 AS 121 


I -j 12 . 5 ki? /n/ha 
* 1*3 25 kg '/n/ha 

''r 4 50 kg /n/ha 

I..S.1). (I> .05) 

C.V. % 


1508 

1790 

1002 

1710 

tit 

2.1 


1287 
1578 
1 075 
1 798 
838 
11.8 


2705 

8281 

2988 

298(i 

282 

4.8 


2170 

20t>l 

2885 

2008 

150 

8.1 


Yield of tea increased significantly by the application 
of 12.5 kg zinc sulphate perhectare compared to nozinc 
25 and 50 kg zinc sulphate per hectare in experiment 
No. AS 115. 

Tn AS 121 however, significant increase in yield was 
obtained by the application of zinc sulphate at all rates 
ov<T control and the highest yield obtained from 25 
kg zinc sulphate per liectare maintained its significant 
superiority over the other two rates. 

(ii) North Bank, Assam 

'Two exjjeriments were conducted one each in Mona- 
barrie (AN 117) and 'I’ezpur & (jogra (AN 124) in the 
North Bank. The results are presented in table No. 1.8. 


(iii) Gachar and Darjeeling 

'I’wo experiments each in Cachar and Darjeeling 
were continued during 1975/76 where application of 
zinc sulphate failcal to demonstrate* positive beneficial 
effect over control. In C!achar one experiment was 
afi’ected by flood and the other by waterlogging. 

(iv) Dooars 


'Three experiments were condueted, 

one 

c'aeh in 

Karlick (D 52), 

Baradiglti (1) 53) and Bhogotpore 

(0,34) Tea Eslale 

s. The results cof 1976 are |)rc‘sented in 

table No. 1.9. 




Table 1.9. 

. Yield of made tea in kiijhn, 197G 


Treatments 

Kxperi 

ment N 

os. 

1)52 

1)58 

1) 54 

'i’j - No zinc 

8545 

8018 

205(; 

'T 2 1 2 . .5 kg /n/ha 

8921 

2717 

1972 

'Ty 25 kg /n/ha 

8491 

2789 

2157 

'T 4 .50 kg /n/ha 

8189 

2881 

19()8 

L. S. !).(!» - .05) ) 

822 

NS 

NS 

(1 V 

4.92 

8.2 

8.05 

In experiment No. D 52 zinc sulphate at the 

rate of' 


12.5 kg/ha increasc'd the yield significantly over control, 
25 kg and 50 kg zinc sulphate per hectare. 

In the other two experiments 1) 53 and D 54, appli- 
cation of zinc sulphate failed to show positive l)eneficial 
effect. 

(d) Urea trial at Duklingia T.E. (No. AS 125) 

(Jne cxperiiiKmt on soil and foliar application of urea 
was continued in the* South Ban k lioin 1973. Tlic 


Table 1.8. Vield of m;h tea in kf.hi. l')7l> 


Rx;>rrinu*nt Nos 


Treafnienfs 

- - 

— 


AN 1 1 7 

AN 124 

Ti - No zinc 

2687 

2280 

Ta - 12.5 kg /n/ha 

2692 

2289 

T 3 " 25 kg /n/ha 

2688 

2257 

n ’4 'jO kg /n 'ha 

2902 

2274 

I..S.I). (P - .05) 

148 

NS 

Cl V' 

2.96 

4. 10 

In experiment No. AN 1 1 7, 

zinc sulphate at the rate of 

5G kg/lia increased the yield 

significandy ovci' 

control. 


results for the yc*ar 1976 are presented in Table 1.10 

It can be seen that all the nitrogen treatments includ- 
ing .soil as well as foliar application of urea significantly 
out-yielded the control. There was no apparent gain 
from foliar application of urea over soil application. 

(e) Nitrogen experiment with and without mulch 
(No. AN 138) 

This experiment was conducted in the North Bank, 
Assam (Sessa Tea Estate) to study the efrc!Cts of nitrogen 
alone and in combination with mulch. In the first year 
of the experiment during 1976, the tea was light skifi'ed. 
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Table 1.10. Yield of made tea in kg I ha, 1976 

Treat rntrits Yield 


Tj ^ Norma! ground appliratioii 90 kg Ndta 

' 1 \, Nornia! ground apidicatirm l!35 kg M/ha 

'I’j Foliar a[)plif‘alion 90 kg N/ha (every fortnight April- 
No\ f-mher) 

T 4 — 60 kg N soil application t 30 kg N foliar application 
(from Mart’ll May) 

'I’r iiO kg N soil applieatitui -f 30 kg N foliar application 
(from June August) 

'f'g (i() kg N soil apjjlit ation f 30 kg N foliar application 
(I'rom Seplcmher— Nt)vend)er) 

T '7 105 kg N soil application I 30 kg N foliar application 

(as tinder l ^) 

I’g 105 kg N soil application f 30 kg N foliar appficati. n 
(as under T 5 ) 

'J’g 105 kg N soil application * 30 kg N foliar application 
(as under d ^) 

Tin (’nntrol (no manure) 

(9 .05) 

I..S.1). (P .01) 

(P 3.59) 

(■kV.% 


1144 
1148 
1 168 

1152 

1 1 50 

1118 

1 100 

1133 

1 141 

870 

58 

78 

101 

3.59 


Although dihcrcnct' in yield was not significant at 
level mulching at all the nitrogen levels appeared 
to show SOUK' eidditional gain. Highest yield was obtai- 
ned when \ 2 ^) kg iX/ha was applied along with mulching. 


Table 1.11. Yield of wade tea in kglha fw the year 197(» 

'Preatments N'ield 


"*2 

*1,4 

*1 « 

*1 7 
*^1 8 
L.S 

c.v 


- 90 kg N/ha without nml< hing (control) 
90 kg N/ha witli mulching 

100 kg N/ha without muldung 
100 kg N/ha with mulching 
125 kg N/ha without muhhing 
125 kg N/ha with nuilching 
1,50 kg N/ha without mulrhing 

- 150 kg N/ha with mulching 
1). (P .05) 


2984 

3065 

3031 

3131 

2977 

32t»(» 

298() 

3155 

NS 

6.82 


(f) Plucking experiment at Birpara T.E. (D. 58) 

This experiment was initiated in 1974 to compare 
the yield from (black plucking) and (standard 
plucking) under difrerent types of pruning. In 1976, 
pruning treatments included M , (deep skill), M,, (me- 
dium skilF), M, (unprune) and M,, (light |)rune). 


Table 1.12. 7icld of made tea in kgjha Jot the year 197(i 


Treatments M 1 

ns 

d'j (Black plucking) 1956 

Tofstandard jducking) 2268 

Mean 2112 

1..S.I). for main plot 
treatment Mean 


!..S.rL for s\il) i>lol treatment 

C.V.% 


M 2 

M 3 

M ! 

M<\an 

MS 

UP 

LP 


1883 

2351 

16-10 

1958 

1795 

2649 

1899 

2153 

1839 

2500 

17<)9 



(P .05) 431 

(P .05) 116 

9.32 


Analysis of results of 1976 showed that standard pluck- 
ing, in general yieltled more crop than black plucking and 
this difference was significant. When the two systems of 
plucking were compared st'perately under various types 
of pruning/skiffing, standard plucking still remained 
superior to black plucking except when the bushes were 
medium skiffed. Significantly rnort! croj) was produced 


by unpruned than by deep skiff', medium skiff and light 
pruned treatments under both the systems of plucking. 

(g) Cultivation experiment 

One experiment in tht! South Bank at Deohall tea 
estate, Hatimara Division (AS 134) was initiated in 
197.5 to compare the effects of various methods of culti- 
vation and chemical weed control in a heavy soil. 

Table 1.13. ) ietd oj made tea in kill ha for the year 197(i 


'I’n-almriUs Yield 

15 ('lu'ck (fhemitai weed ruiilrol) 1450 

'I’o (>iir tlecp ho<* in June 1411 

4 ;) One <l( <-p luH' in l)r( <*mlK‘r 1422 

( )rn‘ d<-«-p Imm* in June and one tleep hoe in I )(‘cemlM*r 14.53 
'r 5 Otje fork hoe in June M5() 

I’fi One fork ho'- in l)ercml)er 1522 

Onr fork hor in Jim<‘ and one fork lioe in Decetnln’r 1488 
'Pg .Sickling at infer\al.s fhnmghoiil the xcar 137f) 

I...S.1). (P •()'>) NS 

7.21 


No significant diflerenee in yield due to treatments 
was observed in 1976, the first year of experimentation. 
However, during the first year of imposing the treatments, 
one fork hoc in December ( fg) appean’d to be beneficial 
in terms of yieJd followed by llu' In^alment in which an 
additional fork ht)(‘ing was done in Jnru' ( 1 7 ). 

(h) Pruning cycle experiment (Dj. 24) 

All the pruning cycles were completed in 1976 and 
complete analysis of the data is in progress. Treatment 
yields for the year 1976 only are presented in tabic 
1.14. 


Table 1.14. Held of made tea in kg'hn I97t» 



'frcalmciils 





1976 

1 . 

l.P Lvs- 

Ls 





1858 

2 . 

LP Lvs 

MS 





1254 

•i 

T.P Lvs 

1)S 





1328 

4. 

i.P Lvs 

1 S 

Lvs 




1654 

r, 

LP Lvs 

MS 

Lvs 




20 a(> 

6 . 

LP Lvs 

1)S 

Lvs 




1825 

7. 

LP Lvs 

1.S 

Lvs 

LS 

Lvs 


1699 

8 . 

LP I. vs 

MS 

Lvs 

MS 

Lvs 


1899 

9. 

LP Lvs 

!)S 

1 AS 

1)S- 

Lvs 


1957 

10 . 

LP Lvs 

Lvs 

-MS 

Lvs 

Lvs 


2021 

11 . 

LP Lvs 

1 AS 

ns 

Ias 

Lvs 


22 -tl 

12 . 

LP LS 1 

I.S 

1)S 

LS LS 


2207 


L.S.l). (P 


05) 




278 


C. V.’V, 






14.0 


LP- Light pruttf, !)S^-Drcp skiff, MS Medium skiff, 

LS =^I.igh( skiff. Lvy ~LevrI ofi skiff. 

Comparison amongst the 3, 4 and 6 year cycles shows 
that the six year cycle treatment I’n (LP-Lvs-Lvs-DS- 
Lv.s-Lvs) signilic antly out yielded all other treatmenis 
except T- (LF-Lvs-VlS-Lvs), Tjg (LP-Lvs-Lvs-MS-Lvs- 
Lvs) and (LP-LS-LS-DS-LS-LS ) in 1976 in 

Darjeeling. 

Amongst the three year cycle treatments, (LP-Lvs- 
Ls) produced significantly the highest crop. 
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Amongst the four year cycle treatments, Tj (LP-Lvs- 
MS-Lvs) yielded significantly increase in crop over 
treatment (LP-Lvs-Ls-Lvs) but failed to maintain its 
significant superiority over treatment (LP-Lvs-DS- 
Lvs) by a narrow margin inspite of yielding considerably 
more crop. Out of the various six year cycle treatments 


(LP-Lvs-Lvs-DS-Lvs-Lvs) produced significant 
gain in yield over (LP-Lvs-LS-Lvs-LS-Lvs), T* 

(LP-Lvs-MS-Lvs-MS-Lvs ) and T, (LP-Lvs-DS-Lvs-DS- 
Lvs). 

A clear picture is likely to emerge when the combined, 
analysis of the results of all the years are completed. 



^grnnomj 


Tea responds only upto a certain level oj nitrogen beyond which 
the response is negative. Chemical weed control combines the 
heneftcial effect of cheeling and mulching. April to September 
is the critical period for weed competition in young tea at Bor- 
bhetta. Roundup is the most effective herbicide Jor thatch and 
many other problem weeds. 

Planting and spacing 

One factorial experiment (B. 8/1) was initiated in 1966, 
with four plant-to-plant spacings (at a constant row 
spacing of 120 cm), three nitrogen levels (100, 200, and 
300 kg/ha) and two clones (TV 1 and TV 9). 

The three-year (1974-76) data indicated that the closest 
spacing of 120 cm x22.5 ern gave significantly higher 
yield than all other spacings (Table 3.1). There was 
no difference between 120 cm X 30 cm and 120 cm X 
45 cm spacings. These two spacings were significantly 


Table 3.1. Effect of different spacings on yield of clonal tea 
{made tea kg I ha) 



Plant 

1974 

1975 

1976 

Spacing (cm) 

population/ha 

D.S. 

M.S. 

L.P. 

120 > 90.0 

9,200 

1039 

1552 

1333 

120 V 4.').0 

18,520 

1875 

1809 

1524 

120x30.0 

27,780 

1882 

1850 

1502 

120x22.5 

37,04tJ 

2215 

2108 

1875 

L.S.D. (at 5% Icvrl) 

261 

231 

212 

C. V. (%) 


10.1 

14.8 

10.0 

superior to the 

widest spacing (120 

cm X 

90 cm) in 


1975. In 1976 only the 120 X 30 cm spacing was signi- 
ficantly superior to the widest spacing. 


Another Irial (B. 8/2), started in 1966, has six plant* 
lo-plant spacings (60 cm, 75 cm, 90 cm, and 120 cm 
and doubletons at 75 cm and 90 cm) with a constant row 
spacing of 120 cm. Khorijan tea was used in this triaL 


Table 3.2 . Effect of different spacings on the yield of jot tea 
fnili t-i kzihi) 


Sparing (cm) 

Plant 

population /ha 

1974 

D.S, 

1975 

MS. 

1976 

L.P. 

120x 120 

0,944 

1505 

1352 

1219 

120 X 90 

9,259 

1035 

1422 

1255 

120 <90 
(douhlrton) 

18,518 

1703 

1438 

1380 

120/75 

11,111 

1502 

1374 

1208 

120 / 00 

13,888 

1082 

1499 

1437 

120 < 75 X 75 

13,075 

1844 

1587 

1547 

L. S. l).(at 5% Level) — 

155 

135 

186 

C. V. (%) 

— 

0.2 

6.2 

9.2 


Yield responses to spacings were different in 1974, 
1975, and 1976 (Tabic 3.2). The 120 cm x 75 cm x 
75 cm spacing gave significantly higher yield over 
120 cm X 60 ern in 1974 but these two treatments 
were at par in 1975 and 1976. The 120 em x 75 cm 
X75cm spacing was always significantly superior to 120 
cm X 120 cm, 120 cm x 90 cm, and 120 cm x 75 cm 
spacings. There was no significant yield difference 
between 120 cm x 90 cm (doubleton) and 120 cm x75 
cm X 75 cm spacings in all the years. 

In another experiment (B. 104) which was started 
in 1957, the effects of five spacings (120 cm x 120 cm. 
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150 ctTi X 9B cm, 1 50 cm x 75 cm/ 1 50 cm X 60 cm and 
120 cm X 60 cm) on die yiclrl of two jats of lea at three 
levels of nitn^cn were studied. There were no siirnih- 
caiil yi(dd dilTcrenees between various spaeiiiji^s Irom 
1971 to 1976. 

An i*xp:*riment (B. 52. 2) adojitint^ a ikav desi^ll (sys- 
tematic Ian d 'si^ii) coverin'^ 25 spacini>s ran^ing from 
15 cm to 1.50 cm was planted in July 1974. 'I’he plants 
were damaged by hail in early 197,5 and could not be 
decenlered till January 1976 because of low starch re- 
serves. 'I'Ih'v werTr allowed to gro\v Ifeely in 1975 and 
deeentred [ii Januaiy 197(>. 

'File mean yiehl of 1976 under difTerent plant popu- 
lation tr<*atm(‘nts along with ilu* vacancy count is graplii- 
cally represented in Fig. 1. 'Fhe relationship beiwaam 
yield and plant population above 55,000 (ilants jkt hec- 
tare was not consistent, ddiis inconsistency at high 
population levels is most likely due to severe interjilant 
competition resulting in higher mortality. 

Various equations were used to find out the relation- 
ship between plant fKipulation and yield. F'rorn these* 
studies it was found (hat the (-(luation Y a f-b log X gave 
the best (it (Fig 1) so far. d’his relationship signifies 
that as the plant population per unit area (X) increases 
tin* rat(‘ (>(“ inen-ase in yield f)er unit area gradually de*- 
creases. 'Fhen* was virtually no increase* in yield be- 
yond 55,000 plant po[)ulation/ha (Fig 1.). However, it 
is e.xp(*cted that this relationship may change with the 
age of the plants. F'urther studie-s are being e:on(inued. 

Plucking^ 

In one trial (B 1 12. I/I) the eflFct of elifTerent methods 
of plucking on the yield of jat tea is being studie-el sine e 
1971. Fhe eflect of the (bllowing treatments were stu- 
died till 1975 ;(n pluck black to (2) |)luck stan- 

dard leaf, no bre iking backj.-:) [)luek standard leaf, and 
break back i > janam, (4) pluck standard l(*af over fish 
leaf, and no breaking bai'k, and (5) pluck standard leaf 
over fish leaf, and break back to h'vcl off. From 1972 
to 1974 plucking lilack to janam (blaidv plucking) gave 
significantly higher yield over all other tn*aiments except 
plucking method No. 5 in 1972 and 1974. (r./., Annual 

Report 1975-76, p. 15). In the light pruned year of 
1975, aJl treatments were plucktxl uniformly as j>er the 
Tocklai standard method. No significant deleterious 
effect of black plucking done from 1971 to 1974 was 
observerl on the 1975 yield. 

In 1976 th(* experimimt was modified to study the 
effect of continuous and intermittent standard and black 
plucking systems on unpruiK'd tea. The plucking sea- 
son wa.s divided into three i.f., beginning of the stiason 


to May, June to September, and October to November. 
Standard and/or black plucking in these three periods 
were done continuously or intermittently in various 
combinations. Results indicated that there was no signi - 
ficant difference in yield between these various treat- 
ments. d’hc experiment is being continued. 

Plant Nutrition 

A number of experiments to stud ; the response of tea to 
diflerent plant nutrients are being conducted at Bor- 
bhcita The results of some of tiiese experiments arc 
brii'fly diseussi'd below : 

Nitrogen 

In one factorial experiment (B. 8/1), initiated in 1966, 
tlirec nitrogen l(*vels, (100, 200, and ‘JOO kg/ha'l were 
in<dnd(*[l along with lour spacings and two ( lories. Flu* 
data (ui (lie main clfcets of nitrogen levels ( Fable 5.5) 
sli(3wed that (h(‘re was no yi(*ld difference between 200 
and 500 kg N/ha from 1970 to 1972 but both these levels 
gave significantly high'*r yield than 100 kg N/ha in 1971 
and 1972. However, 500 kg/ha level was detrimental 


Tabic 3.3. 

hij/ect of dijferenl levels of nitio<[en on 
{made lea k^jlin) 

the yield 

(f tea 


11)70 

1971 

1972 

1975 

1974 

1975 

1976 

(k^/ha) 

D.S. 

M.S. 

h.S. 

l,.P. 

D.S. 

MS. 

h.P. 

!()() 

looa 

]:m 

214B 

14B1 

1990 

1897 

19:')1 

•2()() 

i:i:b 

1()9() 

2.516 

1514 

206() 

2028 

1655 

L.S.l).(al 

i3f;o 

1()2B 

245B 

12Bi) 

16.59 

1 565 

112.5 

Icvrl) 

N.S. 

267 

2()2 

N..S. 

22(i 

200 

181 

C.V. (%) 

27. 

.23.5 

15.0 

22.1 

16.1 

14.8 

16.0 


to yi('ld in 1975, and this was confirmed statistically 
since 1971. 200 kg N/ha level gave signilieantly higher 

yield than 1 00 kg/ha in 1 97 1 and 1 972, but it was at 
par with 100 kg N/ha in 1975, 1974, and 1975. In 
1976, 100 kg N/ha gave signilieantly high(*r yield than 
the two lugh{!r hwi'ls of nitrogen. 

In a different experiment (B. 101) the eireci of three 
levels of nitrogen (90, 155, and 180 kg/ha) on two 

jats of tea (Betjan and (biurishankar) at live difTerent 
spacings is being investigated. After an initial boost 
in yield in 1961 and no increase* during 1962 to 19(>8,, 
the higher levels of nitrogen were Ibund (h^h terious 
since 1969. 

Table 3.4. Kjjcct o j three leiuis of nilrot’en on yield of tea {made tea ki^l/ia) 


Nilnxijrn lev<4 

1972 

1975 

1974 

1975 

1976 

(kgdKi) 

L.P. 

D.S. 

M.S. 

M.P. 

U.P. 

90 

1462 

1289 

1561 

598 

1875 

155 

1570 

1174 

1545 

540 

1764 

180 

1276 

1117 

1251 

481 

1591 

r..S.D. (al 5% 
Fvrl ) 

59.0 

50.2 

56 . 5 

31.4 

87.0 

C. V. (%) 

9.6 

9.4 

9.6 

13.0 

11.1 


'Fhe r(*sults of 1972 to 1975 ('Fable 5.4) showed that 
90 kg/ha level of nitrogen gave significantly higher yield 
than 155 and 180 kg/ha levels in all the years except 
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1971 wlu'n 90 k^j^/ha and 1 Ik* k^/lia were at par. Ajjpli- 
cation o( IHO kg/ha n'duccd the yield sigiiifieantly in 
all the years. 

Ir. another faeturial ex])criincnt under unshaded 
condi'ion dh 5.1), (he response of 'l ingamira jal tea to 
four levels of nitrogen, two levels of phospimtc' and two 
levels ol'iaaash is l)eing studied .since 1961. 'The results 
('I’ahle indicated that 150 kg/lia level had deleteri- 
ous cllerl (iu th(‘ yield ol tea. 


Tcfle 3.5. /jji’d o) four fads of rJhot^rn on the yield of lea 
{trade tea hjfiha) 


Nilictt 11 

1972 

1978 

1971 

1975 

197(. 

(k^/ka) 

L.8. 

U.1‘. 

LI. 9. 

L.P. 

n.i*. 

0 

1 1 :m- 

1 1 .'■)8 

1284 

798 

1858 

fit) 

i:m8 

15)22 

17G5 

1 loo 

2070. 

l(]0 

1 MK 

H81 

18.08 

1098 

2091 

IfiO 


1 185 

1549 

81<) 

178() 

I..S.1). 

(al Irvrl) 

87 

88. 

109 

88 

145 

ck\-. (%) 

10.9 

9.4 

9.0 

12.7 

11.2 


'Fhe exj)eriinents w'ith nitrogen suggest that th(‘ tea 
rcs]X)nds \v(‘ll only upto a certain h'vcl ol nitrogen ap|)li- 
calion beyond which the response is negativ<\ 

Phospkorus 

A factorial experiment (B. 105) is being conducted 
since 1960 to study the response of 1'V 2 clone to four 
levels of 1 ^ 2 ^ applied as single su[)er[)hosphate. 'fhe 
data (I'ablc 3.6) indicated that application ol P.X)r, did 
not alfect the <Top yield signilicantly in all !)ut three 
years (1970, 1974, and 1976). In 1970, applica- 

tion tended to reduce (he yield. Later, P^Or, appeared 
to enhance! the yield, but not signilicantly. in 1974, 
and 1976 there was signilicant res|K)nse upto 90 kg/lia. 


Table 3.6. I\flect oj diflrrenl lei el \ of fho^fthalc on the yield of tea 


1 * 26 )-, 

1970 

{made tea kill ha) 

1971 1972 1978 

1974 

1975 

1970 

(ker/ha) 

L.P. 

D.S. 

M.S. 

\..\\ 

D.S. 

M.S. 

I..P. 

0 

\5m 

1 708 

24()7 

1(4)7 

18(>5 

178(i 

1022 

45 

157(1 

1744 

2.502 

1780 

1977 

1824 

1281 

90 

1498 

1790 

2(i75 

179() 

2007 

1820 

1410 

180 

1874 

1 ( 8.0 

2594 

170(i 

1975 

1711 

114(» 

I S I). 

(at 5^5, 

l<vrl) 109 

N..S. 

N.S. 

N.S. 

117 

N.S. 

189 

C. V. (% 

) 10.2 

10.2 

8.0 

8.0 

8.4 

11 .7 

15 8 


4'his reversal in the trend ol phosphorus response 
could be attributed to the ellect of cluuuical weed t:on- 
trol which eliminates weed comptUition and encourages 
production and development of a mass of surface feeder 
roots. Another po.ssiblc reason for the increast* in res- 
ponse to phosphorus is (he interaction ellect of /inc 
W'hich is being applied as /inc sulphate since 1970. Such 
interaction effects arc not uncommon in other crons 
In another cxperinuTil (B. 23/3) conductetl on Fiii- 
gainira jat planted in 1961, the effect of mulch and weed 
control on the response to various levels of phosphorus 
application is being investigated since 1973. 


Table 3.7. l\tlecl of fdiosf horns . mulch and chemical weed control 
on ihtyield of tea {made lea kfijha) 


'rivaUiKMit 

1978 

L.P 

1974 

D.S. 

1975 

L.S. 

197(i 

f.P. 

Phosphorus (kt;/lia) 

0 

14()8 

2140 

2081 

I(i28 

.50 

1474 

2214 

2047 

1()05 

100 

14()8 

218() 

2048 

1 588 

1.50 

1.500 

2181 

2084 

1084 

200 

1480 

2182 

2108 

1()01 

I,.S.l). (al 5‘5, Icvrl) 

N.S. 

.N.S. 

N.S. 

N.S. 

(5V. (g.) 

8 . 5 

7.0 

7.9 

0.8 

MuU h 

No. niul< !i 

1480 

21(.2 

2017 

1592 

(aialntiala iniildi 

1477 

2200 

2110 

1().52 

Weed Control 
( iK cliiiu 

1488 

2178 

208() 

1.584 

( al \\'< < (1 ( ’onlrol 

1478 

2188 

2091 

1(>(>0 

L.S.D. (at 5",, 1('V(1) 

N. S. 

N.S. 

47 

55 

c. V. (%) 

5.() 

.5.7 

5.0 

7.(, 


'I'hen' wen* no signilicant yi(‘ld differences betwet'ii 
tlie various levels ol ph()s))h()rous a]>jilication, mulching 
and weed control treatments in 1973 and 1974 ( fable 
3.7). In 1975, mulching and chemical weed control 
tn'atmeuls were signilicantly superior to no mulcliing 
and cheeli/tif respectively. In th(' ligfit pruned year of 
1976, the eflects of mulching and weed control and the 
interaction between the two factors were found signi* 
ficant. Mulching and weed control gave significantly 
higher yield over no mulching and chceling. With 
regard to inte raction it is interesting to note (Table 3.6) 

Table 3.8. Kjfert of chemical weed control with and without 
'!) ulch on yield of tea {made tea kill ha) 


fn-atmcnl 

No. iniiloh 

Mulch 

(Uicrlint^ 

1528 

1(340 

Cli<*nii(al \v('iH rontro! 

1().50 

1()()4 

f.S.D. at 5% 


78.5 

C.V. 80 


7.(3 


(hat application of mulch in cheeled plots gave signili- 
cant increase in yield but there was no such beneficial 
effect of rnuh hing in the herbicide treated plots. 4'his 
suggests that yield incr(*a.se din* ((x hemical weed cont- 
r()l is e(|ual to the yield increase obtained by rnuh lung 
combined with chec'Iing in mature tea. 

Pota«isium 

'fhe K'sponse of clonal tea ( fV 2) to potassium was 
s(udi<‘<l in an expeiiment (B. 105) involving four levels 
of K.^O and (discussed earlier in r('spou.sc to plios- 

phorus). I’ola.ssium was appli(*d since* 1960 at 0, 45, 
90, and 180 kg/ha. 

'fhe data ( fable 3.9) indicate'd that there was signifi- 
cant response to 45 kg/ha in the pruiu'd years 

but in the skiff(‘d years 180 kg potash/ha gave higher 
yield than 45 kg/ha. 

Zinc 

In one experiment (B. 108/1.2) the effect of /inc is 
being stueiied since 1970 on 'fingamira jat t(*a planted 
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Table 3.9. EJfecl of different leuds of K 2 P on the yidd of lea 
{made tea kj^lha) 


K./) (kg/ha) 

1973 

L.P. 

1974 

D.S. 

1975 

M.S. 

1976 

L.P. 

0 

1495 

1671 

1.5.55 

1048 

45 

1779 

1988 

1 780 

1293 

no 

1803 

2051 

1880 

1349 

i«() 

1854 

2171 

1933 

1420 

L.S.I). (at .5% Irv< l) 

106 

117 

149 

139 

('A'. (%) 

8.(> 

8.4 

11.7 

15.3 


in 19r)8 and grown vinde‘r medium shade. Zinc was 
;ij)j)li(‘d as zinc sulphate at 24 kg/ha and I Ik* results showed 
that, except in 1971, tluTe was no significant rc'sponsc 
to zinc. 

In another experiment (B. I A/2.1) wliere clonal tea 
( I'V 9) was planted in 1964, a study is being conducted 
since 1973 to determine the level, method, and rr('(|uen- 
cy of application of zinc on mature tea. Zinc was app- 
lied to the foliag(‘ or soil at two rat(\s ( 12..3 and 25.0 kg/ha) 
and the application was given every year and once in 
three ye.ars. No significant yi(‘ld diflerenees am<>ngst 
the treatments were observed in any of the years. 

Long term yield trial of Tocklai clones 

y\ long term trial (B. 40/1) was initiated in 1966-67 
with various clones to compare their yield performance. 
This trial had Indii>oJera teysrnanii as shade tree. Diffe- 
rent clones w(‘r<! planted from 1966 to 1971. 


Table 3.10. Yield of different clones and two seed stocks [made lea kifha) 




Year of 

Yield 

Cllone 

Year 

)( 

Yield 

( '.lone 

planting 

1976 


pla.ili 

•VS" 

1976 



(149 



(149 

rv 

1 

19(i()-()7 

16.53 

'I'V 13 

196(i 

-67 

1855 

rv 

2 

191 it) -(.7 

1 360 

rv 14 

19 ,6 

-67 

18)) 

rv 

4 

196(i9)7 

1 7 1 

rv 15 

1967 

-70 

11)80 

rv 

(') 

19()t)-t,7 

1 1fi3 

rv 11 ) 

196!) 

70 

1914 

rv 

7 

196(i-()7 

11)69 

rv 17 

1967 

69 

1859 

rv 

n 

19;)t')-()7 

1591 

rv 18 

1969 

70 

1905 

1 V 

9 

1966-1,7 

1 718 

rv 19 

19:, 9 

71 

2231 

4'V 

10 

191)6-1,7 

1891) 

107/2 

1970 

71 

1717 

rv 

11 

196!i-67 

1855 

.Stock 

1967- 

71 

1686 





450 




1 V 

12 

196r)-l)7 

1739 

Betjan 

1966 

-67 

1 590 

L. s 

. l). (at 5 

% k-v» l) 

308 





c. \ 

^ (%) 


12.4 





Yield data ( fable 

3.10) 

indicated 

that 

IV 
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given significantly higher yield over all other clones 
tested. TV 16 and 4'V 18 also gave significantly high- 
er yields over clones TV 2, I'V 8, and Betjan which 
showed poor performance. 

WEED CONTROL 
Weed competition in young tea 

A field experiment (No. 3/76) was laid out in the first 
week of April 1976 on five months old tea ( TV 18) to 
determine the critical period of weed competition in 
young tea. The periods during which weeds were 
removed (at monthly inter /al) were April- June, July- 
September, Octobcr-Deccmber, January- March, Ap- 
ril-Septcmber, October-March and April-March. 


I he results indicated that when weeds were not re- 
moved from April to June, the most conductive period 
for weed growth, weed biomass was five times greater 
in July. Most of the weeds like Bnreria hispida, Paspa^ 
lum conjugatum^ Scoparia dulciSy Digilnria sani^uin ills ^ (fpe- 
rus sp. grow actively (in that order of predominance) 
from April to June! and this active growth period, wlitm 
left unchecked, also extended till September. However, 
once weeds were removed in April and May, there was 
very little growth in the subseciucnt months. 

Removal ()l weeds resulted in increased branching, 
(beater branching and green leaf yield were obtained 
when the plot was weed-free from April to September 
and very little further increase in bramdiing and yield 
was observed wh(!n weeds were controlled all through 
the year. Weed removal during July-Septembcr also 
show(‘d an immediate beneficial efiect. 

1 hese results suggest that weed competition is critical 
early in the season (April to Set)tember) and clelav in 
w(‘ed I'ontrol during this period would aflect branching, 
growth and yield of young tea, adversely, and that good 
weed conti'oi is vital for the establishment of newly 
planted tea. 

Chemical weed control in nursery 
1. New herbicides: Several new herbicides were 
compar('d with Simazine for w(‘cd control in tea nursery. 
Ihv. herbicides imduded in this trial (No. 1/76) were 
Simazine, Atrazinr, Lasso (alachlor), Machete (buta- 
chlor), Basalin, Kerb (RH-31.5), Probe finethazolcL 
Destnn (MBR.8251) and Ronstar (oxidiazon). Thc.se 
herl>icicles were ai)plied in the nursery at 2 kg/ha (rat e.s 
of all h('rbicid(“s are (‘X[)re.ssed as kilograms active ingre- 
dient per hectare) on Apri: 22, 1976,' three weeks before 
planting of (donal ( I’V 18) cuttings. Second applica- 
tion was done on the soil after hand weeding at the same 
rate when w(‘ed coverage in the plot (‘xceedt'd .50 per- 
cent, and this period varied with each herbicide. 

All herbicides controlled wccxls effectively after the 
initial application. Las.so, Machete, Basalin, Destnn and 
Kerb lost .50 percent of their efficacy in 2j to 3 months 
after the initial preplanting application. Kerb lo.st 
Its effect much more rapidly than the others. Sima- 
zme, Atrazine, and Prolie persisted for 3.^ months. Rons- 
tar showed activity for more than 4^ months. 

Clallus formation and rooting of cuttings were severely 
inhibited by Destun, while Kerb showed moderate 
inhibition. Root formation was considerably activated 
by Ronstar, Basalin, Machete, and higher rates (3 kg/ha) 
of Simazine and Atrazine. Destun,' Kerb, and Lasso 
inhibited shoot formation. When applied at post- 
emergence, Atrazine and Probe severely injured the seed- 
lings. Work on these herbicides is being continued. 
Herbicide combinations: All the above new herbi- 
cides elective on annual grasses, were tank-mixed (at 
1 kg/ha rate) with Simazine or Atrazine (2 kg/ha rate). 
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the* precloniiriantly broadlcaf herbicides, to determine 
suitable herl)icide combination(s) for control of a wide 
range of annual weeds in the nursery (trial No. 2/76). 
'Fhe herbicides were first applied on April 23, three 
vvec’ks before plant ing of 'I’V IH clon^'. The second 
application was done at the same rate about l()ur months 
after the first one as almost all the irestnients had weed 
coverage of more than .30 percent. 

'bank mixing of new herbicides with Atrazine caused 
(but not with Sima/inc) inhibition (jf callous formation 
and shoot formation. Sima/ine f l)('stun h^st 30 per- 
cc It of activity after only two months, while Atrazine -f* 
Lasso and Simazine Kerb combinations lost their 
efrects faster than the remaining treat nuMits. Ajipli- 
cation of Ronstar or Hasalin with either of the tria/ines 
showed greater promise. Simazine | Prolx! and Atra- 
zine 4- Probe combinations showed greater toxicity to 
plants than the other combinations when applied second 
time at j)OSiem(‘rgenc('. lank mixing of Basal in with 
ci'her Simazine or Atrazine showed very little posterncr- 
gcnc{' toxicity. I'urther research is underway to select 
suitable herbicide combination(s). 

Control of individual weeds 

1. Irnperata ryliudrica and Paspahnii cotijiiiial'tm : An 
e.xp ‘liment ( No. ‘f/76 ] was laid o it (Ui 29 
May, 1976 in six-row plots in unshadc'd six-year old 
l('a infest(xl with these two grasses. Mechanical treat- 
ments and herbicides wane apf)li(’d tlirc'c times in the 
year, 29 May, 19 July and 9 Sepiemb(‘r. In case of 
secjuential trcnitment, Roundup (glyphosate) was applied 
initially and followed twice later by 2,4-D, Dalapon 
or Grana xone. 

Roundup was significantly superior to all other treat- 
ments in controlling Irnperata and Paspalim. There was 
no significant differeiKa' wlu'ther it was applied (0.4 
kg/ha) only (Uice initially or tlna’c lim(\s continuously. 
After the initial Roundup application the follow up 
applications twice later with Dalapon or (jramoxone 
caused no additional benefit on the control of both peren- 
nial grasses. Dalapon applied tin ice was moderatedy 
cfrective on both grasses. I'he initial effect of Gramox- 
one was rapidly lost and control was poor. Probe! 
showed only a partial effect on both weeds, f ork hoe- 
ing was significantly more effective than cheeding and 
comparable to Dalapon. 

Burreria hispida \ As Borreria {Bar^racole) r\\so found 
in the field trial (No. 4/76) on Irnperata and Paspalurn, 
the effect of various treatments on this broadleaf w(‘ed 
was also studie<^l. Probe, generally a premergence herbi- 
cide but applied at postcmergence in this trial, was 
most effective* on Borreria; it almost comj)lel(dy elimi- 
nated this weed after the second and third appli- 
cations. Roundup showed good ceintrol, but the follow 
up with 2,4-D was significantly superior than the 
follow up with Roundup, (drarnoxone showed only a 
slight effect. 


3. Selaria palmifolia : Pot culture cxptTirnents 
(No. 6/76) were conducted to find out suitable herbicides 
for effective control of Setaria palmifolia. 

Roundup at 1.2 kg/ha com|)letely inhibited the 
growth of Setaria by second week itself. 2,4— D had 
no effect while Dalaj)on, Probe and Asulox 40 (asulam) 
controlled this perennial grass only partially. Ciramox- 
one controlled this grass for a short time. 2,4-D 
(O.B kg/ha) markedly enhanced Roundup activity indi- 
cating a pt»ssiblc synergistic interaction. Similarly, 
2,4-D also enhanc'eil Gramoxom* effect when both were 
applied as tank mix, the n^sidnal effect of the combi- 
nation being greater than vvhc’u Grarnoxone was at>plied 
alone. 


'To further study this synergism, Rounduj) was aj^plied 
at 0.4, 0.6, and 0.8 kg/ha and tank mi.xerl with 0.4 or 
0.8 kg/ha of 2,4-D. Roundup was extremely effective 
evc'ii at th(‘ low'cst rati* ofO.4 kg/ha. Rounduj) | 2,4-D 
combination at 0.4 T 0.4 kg/ha was as effi dive as Round- 
up alone at 0.8 kg/ha ( fable 3.11). 


Table .3.11 Syncripslk filed of Ruutuiuh amt 2,'i-l) iimbuitilion on 
Ilf ((.niuJ of Sdaiui palnu folia 


Weed control raiinti’*' 
day.s alter .spraying 


1 I< i l)i< ides 

Rale 




(kK/ha 


f) 

kotuKlup 

0.2 

0.0 

1 .0 


0.4 

1 .0 

8.0 


0.(> 

1.8 

4.0 


t).H 

2 . .8 

.8.8 

2,4-1) 

O.H 

0 

0 

Roundup 

0.4 

8.0 

6.8 

-f 2,4-1) 

0.4 



Roundup 

0.4 

8 . 0 

7.0 

-L 2,1-1) 

0.8 



Roundup 

0.() 

.8.0 

8.0 

•: 2.1-1) 

0.1 



IVofc 

2.1 

0..3 

0.8 

Pr< il)c 

1 .() 

1 .0 

1 .0 

4 2,1-1) 

O.H 



I’roljc 

2 . 1 

1 .0 

1 .0 

1- 2,1-1) 

0.1 



Roundu|) 

0.1 

1 .0 

l.O 

4 Piohc 

1 .2 



I,.S l).(a( 





1(V<1) 

(’..V. (40 


7 

9 

it 
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8.8 

8.0 

8.0 

(i.O 

8.2 

9.8 

0.0 

7.8 

9.0 

O.' 

10.0 

7.0 

9.0 

10.0 

10. 0 

10.0 

8.0 

9.8 

10.0 

10.0 

10.0 

0 

0 

0 

0 

0 

8.8 

9.8 

9.8 

9.8 

10. t) 

9.0 

9.8 

10.0 

lO.O 

10.0 

9.8 

10.0 

10.0 

10.0 

10.0 

2.0 

2.0 

8.0 

1.8 

4.8 

2.8 

8.8 

.8.8 

(>.8 

8.2 

2.0 

2.8 

3.0 

4.8 

8.7 

2,0 

2.8 

3.0 

4.8 

4 0 


0.4 
9. a 


♦Weed r.iliiu^ was dotK- in llu* scale () (no < ontrol) to 10 (100"4 control) 

interestingly. Probe reducetl Roundup effect very 
markedly, bringing the level of' weed control down to 
that caused by Probt* alone, thus suggesting a po.ssibic 
antagonistic interaction between the two. 


4. Polygorum chinense : A field ('xperiment (No. 
7AI16) was conducted in a nearby tea estate to determine 
suitable herbicide(s) for its control. Roundup ai)p!ied 
at 2.4 kg/ha had almost completely eliminated this weed 
while at 1.2 kg/ha fairly good control was observed. 
Probe and Dalapon sliowcd moderate effect which did 
not last very long. Fernoxonc (2,4-D sodium salt) 
0.8 kg/ha was only partially effective, but W(*edar 96 
(amine formulation) was more effective. Grarnoxone 
was least effective. A.sulox-40 at 2.8 kg/ha gave fairly 
good control. 
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5, Foly^)nivn Perfolialum : Another estate trial (No. 
71^/76) was eonduct<cl on Polyi^onum perfolialum during 
the year in a manner similar to that described in case 
of P^chinr.use. Koundup (0.8 and 1.2 kt»7ha), l^robe 
(3.2 ktr/ha) and \V(*edar 9G (0.7 k<^/ha) controlled this 
weed satis f v c I o! i 1 y . 

0. S<:ol):rii ditlci^ : I’Ih* prt'Sf'iit study is a (onti- 
nuaiion t(» the ( vvo trial . cr>iKl acted J ist year (vide Annual 
Report 1973-70). In this year’s trial iVobe, Rounduj) 
and Actril I) (ioxynil) vviaa^ apjjliisl on sleeva* f^rown 
plants alone or in cornliination f>r Stajueni iaily with 
CbMinoxfui •. In scejuiMtia! a[>()licalion, Koundu[), 
IVobe and Actril-’) were rjpjditvJ lour we(d;s alter the 
initial [)ara(]uat apj)liea(ion. 

I’robe, at 2.1 ki^/ha, sliowi* I excellent <i( fivily on 
Scopariay wink' Rounduf) caused only a inoderait' ('Oect 
at 0.8 and 1.2k<^/ha. l ank mi\in<» ol l^robe or Round- 
iijj, or (‘Veil A( tril 1) with ( Iranioxont' had great('r eOeet 
llian win'll applied aloin*. 'I’his indicated that theo' 
was enoui^h tinn* lor tliese translocate 1 In'rbieides to 
ab.sorl>(‘d by the plant ariil rea< h the root sy.st(‘m bcdiire 
Gramoxone could kill the vegetative parts of the plant, 
thus hindering hirth(‘r regrowth. Application of Prolx*, 
Roundup or Acfril-D lour weeks after Gramoxone 
application showed no particular advantage over their 
application in combination with Gramoxone. 

dnliancement of herbicide activity 

1. Effect of fertilizer additives on Roundup acti- 
vity : In this pot cullure study (Nc^. 8/78) the 
effect of tank mixing of very low ral(‘s of ammonium 
sulfihale and urea on Roundup activity on Imperala 
cylindrka \. as dc'tc'rmined. f ertili/crs wert' acUh'd c.t 

2. 4, and (> kg/ha to Roundup solution. 

Addition of ammonium sulphate even at as low a 
rate as 2 kg/ha markedly increased Rounfhg) activity 
at 0.4 kg/ha. .Addition of 4 kg/ha of ammonium sul- 
phate to 0.4 kg/fia ol Rounduf) enhanced the contn'l of 
imperata fuitlii'r, (he hnal eflect (at live weeks) being 
as good as at 0.8 kg/ha of Roun<lup alone. lOea, how- 
ever markedly reduced Roundup activity. 

2. Effect of rain wash and Triton AE on Round- 
up activity : In another pot ( ulture trial (No. 
9/76), rainfall (1.23 cm) was simulated at different 
pericKls alh'r Rounduj) apjjlication. d riton AR was 
added at 0.06'),, tn Roundup (0.4 kg/ha) solution to 
d(!termine whether this sticking and s|)r('ading agi'iit 
would j)rcvent tlur rainwash of horbii idc sjiray off the 
foliage of Imperata cyliridrica. 

A rain-free period of at least fonr hours was required 
after Rounduji aj>j)licalion for a rea.sc)nahly good control 
of Imperata, When there was no rainlall, addition of 
Triton AR had no effect on Roundup activity'. 1 he 


slicker reduced rainwasli of Rounduj) only whci 
rain occurred two hour.s or later after aj^plication. 

Effect of spacing on weed infestation and inten 
sity 

A study on weed inlestation and intensity a 
influenced by dilfenait spacings was made in the sy'sU' 
matie f in di'sign e.x]a'riment (H. 32.2) c overing a sp vcim 
range of 13 cm to 130 cm in 23 arce VVe: 1 c vinis vver. 
taken thrice in the year from two (|uadrats plac'd ran 
(loinly at hve s]) leings. Roiinduj) M).4kg/ha) was appliec 
a(t('r each weed counting. 

At eloe.T siiacings there was h'ss vvei' 1 infeslatiori 
but as the spicing Wiis wid •utel me- re \w * 1 growth wac 
observed. Maximum weed growth wa i loimd at tin 
wid('st sjiav'ing which oOered more sanlight an ! lavtair 
able gto)\ving eondition to weeds. I hc wee I specie's 
|)r(edo.nin inllv found were Bonerin hispiila, ('r/r’ias sp., 
Alifllaoo p.vitaphylla ainl Pi^ilaria san’^ui/iuUr. 

Effect of herbicides on quality of tea 

In apf'rniarn'ut herbicide trial (8. 27), Gramoxone 
(0.6 kg/ha), Rrobe 1 Gramoxoni' (3.2 e0.13 kg/ha), 
and 2,4-1) 1 Gnlaix>n (0.8 [-3.0 kg/ha) were applied 
conlimionsly every year. I’ln' results indicati'd that 
none (af the lu'rhicidal treatments alTccled the strength 
of licjuor, and (juality and valuation of G.'F.G. lea. 

Check Testing 

A nuinher of new Dalajion and 2,4-D formulations 
have been eln'ck testixl during (lie year. I'lu* following 
have receivc'd certification of aj:)proval for use in tea. 

1. Dalapon formulations 

(a) Asadaj)()n of Assam (Chemical Industries. 

(I)) l)alai)on of B. D. Khaitan & (io. 

(c.) Mico-80 ol* Mysore Iiiseclicuh's Go. Private Lid., 

2. 2, 4-D formulations 

(a) Plienamiii ol N('w Industrial Ghemieals. 

(h) 2, 4-D sodium salt of 15. D. Khaitan «S: Go. 

3. Paraquat formulations 

(a) Paraijuat 24‘),\ of Krishi Rasayan. 

(b) Paraquat 24'’d (Star(|ual) ol Shaw VVallai'c & G (0 
Thes(r two foiinulalions wo'ri' based on j)ara(juat di- 

melliyl sulj)liate. Interim cerlilicaU's ol a|)proval were 
given only to enable the sale ol the jiresent stock by tiu'sc 
two comjianies. 

equality testing of herbicides 

Rightcen samj^lcs of 2,4-1), dalajoon, j)araqu:U, 
diuron, and sirna/ine formulations received from 14 
cslales w(‘re tested for (juality. Out of six Gramoxone 
.samples three' were substandard, and out ol' five dalapon 
samj)l('s two wen* substandard. All (be others i.c., one 
samj)le each of 2,4-D sodium salt, VVeedar 96 (2,4d4 
amine), and Hexuron (diuron) and four samj^h's of 
Tafazine (simazinc) were normal. 
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’Tea soils receiving adequate quantities of phosphate {400-200 
kg F^OrJha) over long periods have better ability to release phos- 
phate in available form to the plants thereby indicating the ne- 
cessity of phosphate application as future investment. Further ^ 
under exhaustive cropping conditions the uptake of residual pho.s- 
phate by a test crop from soils adequately manured for a long 
lime has been found to be much higher than from soils to which 
phosphate has been freshly applied. 

Cunndative potash uptake by a test crop under conditions of 
exhaustive cropping has been found to be highly correlated with 
the available potash content of the soils from all regions oj North 
iLast India. Q^jl ; {in tensifyj capacity of soil A ) relationships 
worked out for different regional soils suggest that our soils have 
low fixation capacity for potash and the polassium buffer capa- 
city {F.B.C.) of these soils is of the same order. Thus soil 
potassium release pattern is unlikely to vary between the different 
regions, thereby indicating that soil potash and crop correlation 
test should yield the same type of re.sults both in Assam and West 
Bengal. 

Toung lea plants grown under three moisture regimes {Field 
capacity or F.C., ^ th F. (1. and J F.C.) and receiving five levels 
of potash {() to 200 kg h\,Olha) were used for mea.mring diffu- 
sive resistance of stomata and leaf water potential {the two sen- 
.sitive indices for determining leaf moisture status). From 
both the measurements it can be said that higher soil dres.sings 
of potash ( 100-200 kg h'.jOjha) applied before the onset of 
drought may reduce the susceptibility of plants to drought, .since 
these measurements provide evidences on the usefulness of potash 
manuring in increasing the water use efficiency by plants. 

A survey of the available zinc content of the tea soils oJ North 
Fast India .shows that most of the .soils examined have a zinc 
content of belireen A and 27 p.p.m. The soils that fall within 
the critical limit between / .TA O p.p.m. {considered as boun- 
dary between 'An responsive and non-Ainc responsive .soils) 
are rather limited, ranging between T7 per cent in various 
reguns. It has been found that the internodes of tea leave.s 
accumulate zinc to a large extent {rnean T^n content oJ internode 
being 83 p.p.m. against 42 p.p.m. of the leaves), the impli- 
cation of which in fn nutrition of tea is now being exa- 
mined. Further, zinc content of leaves decreases in a pronounced 
way from morning till afternoon whereas no change in the 
concentraHon of internode zinc takes place from morning till 
afternoon, indicating thereby '"luxury consumption'" of zinc 
in the leaf intemodes. 

Tea lands of five circles in Nowgong and Sibsagar districts 
have been classified for the first time for their .safe use and 
protection against erosion. 

A Hemps have been made to obtain quantitative information 
on the occurence of high ground water table during monsoon in 
thirteen project .sites for establishing criteria for the control of 
ground water table besides verifying probable occurence of "per- 


ched water table'''' and underground "artesian pressure.s'\ Be- 
sides, a system of .sub-soil pipe drainage has been tried out in 
three project .sites to examine the j'easibility of effective ground 
water table control through this method than by the conventional 
open drains. A large-scale pumping experiment has been laid 
out in an estate with limited outjall in order to find out the possi- 
bility of keeping the ground water table .sufficiently low in open 
ditches and pipe drains during high rainfall periods. 

STUDIES ON SOIL PHOSPHATE 

Exhaustive cropping trial 

I’.xhaiistivc' croi^piniL; Irial willi Fennisetu pcdicellaturn 
has been continued throii^lioul llic year and another 
seven liarvests of^rass have l)een taken at monthly inter- 
vals. As in th(* j)revious years (Ann. Sci. Rpt. for 1975- 
7b, pp. 22-23) phos]>hate ui)take by tin* grass and ex- 
changea!)le and watc'r soluble phosphates of the soil 
have been detca inined on each occasion of harvest. I’lie 
grass has not yet shown signs of exhaustion although 
fourteen harvests have so far Immui taken. 

'I’he relation of cumulative phos[)hate uptake; by the 
test cro[) with the levels of application of phosphate 
(either freshly added or residual) as reported last year 
for seven harvests reanains unaltered at the end of four- 
teen harvests. 'I’he main coned usions are : 

(i) Phe)sphate uptake by grass increases linearly 
with increasing leveds of phosphate applie;ation 
in .soils from elifferent regions in spite e)f their 
characteristic; difre*re;ne:es. 

(ii) 'I'he (juanli tie's of phosphate taken up by the 
grass, however, varie*s from soil to soil, the trenel 
so far obtained being Darjeeling ■ Dooars — 
North Bank South Bank soils. 

(iii) 'The’ uptake of residual [)hosphate from soils 
manured for a long time has been found to be 
ce)nsistently higher throughout the cropping 
period than frc)m soils to which phosphate has 
be;cn Ireshly applied. 

(iv) Data uj)to fourteen harvests support the conclu- 

sion rc'ported last year that both water soluble 
and exchangeable soil phosphate measurements 
can be relied uf)on for prediction of phosphate 
uptake by the grass. The relationships between 
phosphate uf)take by the test crop and water 
soluble as well as exchangeable phosphate con- 
t(;nts ol soils arc shown in Figs. 1 and 2 rc'spc'cti- 
vely. Both water soluble and exchangeable 
phosphate fractions of soils being highly correla- 
ted (r“ 0.88, P 0.001), measurement of exch- 

angeable phosphate fraction has been accepted 
for routine soil testing in preference to water 
soluble phosphate measurement which is a 
time; consuming and tedious operation. 
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Phosphate adsorption index of tea soils 

A method has been standardised Tor characterising 
our soils in resp<‘ct of phosphate sorption capacity. Eor 
this purpose fifteen soils were used, of which eight be- 
longed to different tea areas of the region and the re- 
maining seven were drawn from long-term e.xperirnental 



Fig; 1. Relationship between phosphate uptake by the test crop 
and water soluble phosphate content of soil. 


fields. Phosphate adsorption isotherms covering a wide 
concentration range of(l X lO'^tof) x 10"*M phosphate) 



20 60 100 140 

EXCHANGEABLE PHOSPHATE CONTENT OF SOIL (|>pni P2O5] 

Fig; 2. Relationship between phosphate uptake by the test 
crop and exchangeable phosphate content of soil. 

were determined for these fiftetrn soils at room tempera- 
tur(‘ l)y tli(‘ standardised method. Several physico- 
chemical parmelers hav(’ been calculated from the adsorp- 
tion isotherms to find out their interrelationship and 
ultimately to obtain a sorption index for characterising 
and eornparing the tea soils. Soim* of the results art: 
given in ral)l(' 4.1. 


Table 4.1. dontfxn hnn of s<)tf>’ion indkex from isotherms with < onvenhotia! anion exrhan»e ca/jarily measnreinent 



I’a.sl firatiiK'nt 


K.xchangcahic 

Sorption maxi- 

Honding i nergy 

IHiosphate hulT- 

Anion exchange 

.S<mr(<‘ 

(i’oOr, kg/ha) 

'IVxIurr 

phosphate mg/ 

mutn (ihnax) 

of soil lor P 

ering ( ai>ac'ity 

< apacily rn.c. 




100 g s *il 

mgP/lOOg soil 

(Kx 10'^) 

(PIU: ' 10 4 ) 

per rent 

I'lorri lb yrs 
iiianurial rxpt. 

0 

.Sandy loarn 

3.09 

0.-15 

103 

0 

Il.O 

,, 

hO 


1.35 

22.90 

117 

4 

19-2 


100 


4.70 

5 1 . 20 

07 

24 

20-8 


!r>o 


<).20 

99.50 

17 

39 

25 0 


200 

- 

().23 

80.45 

19 

52 

25-0 

])(K»ars 

V'irgin soils 

l.oaniy Sand 

i.ai 

214.52 

20 

250 

9-89 

Dai jrr ling 


Sandy loam 

4.90 

130.(i2 

94 

108 

1-90 

South Hank 


l.oam 

0.9(i 

205 . 78 

34 

107 

3-08 

-rl..- 


Silty <’lay 

1.23 

201.08 

104 

331 

1 • 8(i 


From above table the following conclusion can be 
drawn : 

(i) With long-term manuring of phosf)hat(* physico- 
chemical parameters like sorption maximum, 
phosphate bunbring capacity, anion exchange 
capacity and exchangeable phosphate increases 
while bonding energy of soils for phosphate 
decreases. 

(ii) 'rhe anion exchange capacity docs not vary 
appreciably between 50 and 200 kg P.^Or,/ha 
application rates, whereas sorption maximum 
(Pmax) increases significantly with increasing 
rates of P applied up to 150 kg PgOs/ha, thereby 
suggesting the usefulnes.s of determining adsorp- 


tion isotherms for finding out the limit to which 
sorption can proceed in our soils. 

(iii) Phosphate buffering capacity (PbCl) tines not 
( hange appreciably at low levels of jjliosphatc 
application whereas between 100 to 200 kg 
application rates the increase of PBd 
is linear. During the process of withdrawal of 
phosphate by crop, the greater th(‘ PBC) values 
the higher will be the ability of the soils to 
maintain the concentration of phospliate in 
soil solution at the root interfance. I'his in- 
formation cannot be gained from measurements 
of cither exchangeable phosphate or anion 
exchange capacity. 
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(iv) Adsorption isotherms of soils belonging to the 
dilb'rent texture groups and n'gions, so I'ar deter- 
luined, show that the limit to which P sorption 
can proceed is about 200 mg P/100 g soil or 
about 9,000 kg/Tia P,0,. 

It is however, early to point out the useful- 
ness of determining phosphate adsorption iso- 
therms for purpose of comparing and charaettTis- 
ing n'gional soils of' dillerent seri(‘s and panuit 
materials. However, an important [)ractical 
information can be gained from this study, i.e., 
plots receiving adequate (|uantiti(‘s of phospliate 
()V(‘r long period have* better ability to release 
phospliate’ in available iorm to tlie plant, tlu’reby 
indicating the nec essity of phos|)liat(‘ application 
as future investment. 

STIJDII'.S ON SOIL PO'i'ASH 
Influence of potash on drought resistance 

'The influence of potash manuring on tlic' moisture sta- 
tus of tli(' leaves of young clonal tea maintained at 
three moisture regimes was investigated during fVbruary, 
1976 to July 1977. 'The experimcuital layout comprisc’s of 
moisture at thrc’c levels, i.e.. Field (fa[)acity (f’.O.), 
75 ().c. of f'.O. and 50 [i.c. ofF.Cf. as main trealmi'nls 
and live Ic'vels of potash, i.e., 0, 50, 100, 150 and 200 
kg K.,()/[ia as sub-treatments. 'Fhere are six replications 
of wliicli i:ir('(’ r(’|)licati()ns have beem used for the purpose* 
of this study. Moisture ic'gimcs liavc* bc‘en maintainc’d 
all throughout the study by supplc'inenting the loss of 
water due to evapo-transpiration twice every w(*<*k, as 
and when indicated by the calibrated gypsum blocks 
insertc'd in eacli pot. 

For purpose of determining moisture status of leaf, 
two sensitive indices have licen used namely, dilTusive 
resistance (sec cm ‘ ’ )of stomata and leaf water potential 
(bar). Diffusive resistance being an (‘xpression of the 
functional opening and closing of leal stomata indirectly 
gives a UK .isure of tran.s[)irational lo.ss whei’eas leaf 
water potential indicates the degree of tur gidily of the 
leaf cells. 

(a) Diffusive resistance of leaves 

I he measurements we re taken using a diffusive resis- 
tance autopororneter, which was calibrated initially by 
placing a known resistance betwe’en the sensor cup and 
water saturated filter paf)er (provides 100 R.H.). 

Time ( 5 t) rctpiired to increase the* humidity of' the sensor 
between preselected [)oints (in our case 16 to 24 f).c. 
.saturation), w'as recorded at each known I'esistance (R) 
employed. At the end was plottc’d against R to 
obtain the standard curve. Taking help of this curve 
field A t values were converted to diffusive resistance 
data (sec cm“’). 

Following calibration, the position of the leaf and the 
time of the day were standardised for recorvling diffusive 
resistance data. For this purpose two clones (TV| and 
TV7 ) were used, where resistance measurements 


of third to eighth leaves were recorded at 9a-rn., 12 noon 
and 5 [).m. Rr’sistance increasc’d slightly with the age 
of the leaf, but not beyond the sixth leaf position. How- 
ever, diurnal variation of leaf' resistance was consider- 
able, which increased n'lnarkably between 8 a.rn. and 
5 p.ru. f or example the resistance of sixth leaf of clones 
TV7 and rV| increased by about seven and three times 
respectively from 8 a.m. to 5 p.m. after which it did not 
show marked variation until about 9 p.m. Hence for 
measurement of r(sistant:e of the experimental plants 
sixth leaves were used at 5 p.m. Results are given in 
'Fable 4.2: 

Table 4.2. IClJiul of fiulash on (lilfu\ivr rcsistati' e {^sec nn~^ ) of plants 
at dlfprent soil moisture status. 


I.fvcls <)( 
[)oiasli (K>»0, 
kg/l.a) (K) 

Soil irioLslurc r(‘giinr (M) 

Firl.1 ( ’ai)a- 7D% of V.C .50% of F.C 
ritv (Mj) (Mo) 

{FC)'(M„) 

- Mean 

0 (KO) 

10. OH 

'tO.'D 

28.00 

2.5.82' ~ 

DO (KI) 

1H.37 

54.10 

44.55 

52.57 

\00 (K2) 

21.21 

55 . .50 

48 . 02 

55.21 

l.')() (K:q 

22.H(i 

55.<i5 

48.50 

55.05 

•dot) (K4) 

2<).70 

58.57 

.54.25 

50.51 

Mean 

21.:d 

54.00 

44.77 


c. V. i:v 

C.l). ;ii .5 

"0 (M) 

5.12 




(1<) 

4.02 




(M 

^ K) ti.05. 


Statist ica 

1 analysis 

of data 

shows the effec 

Is of moi.s- 


tun', potash and ilu ir interaction to be highly signifi- 
(anl (P 0.01). From the interaction table given 
above the following conclusions can be drawn : 

(i) As soil moisture stress increases, the diffusive 
n-sislance of leaf stomata towards transpi- 
rational lo.ss(*s also increase. 

(iij Potash incK’ases diffusive resistance of leaf stoma- 
ta resulting in (conomy of water use l)y the plant. 

(iii) I’he effect of potash on the diffusive resistance 
of leaf stomata has been most pronounced in soils 
having moisture at 50 [).c. fu'ld capacity, which 
is comparable to very droughty situation. 

.\t 5(r’o F.('-., the resistance significantly increase* in 
the order K K,>Ko. At Field Capacity 

and 75'T I -C. moisture levels, however, the resistance 
increases significantly only under 200 kg KoO/ha appli- 
cation rate. 1 he advanlagt* of low level of potash appli- 
cation under droughty situation (50'A F.C.) in increa.s- 
ing resistance to trans[)irational loss is marked, although 
high leve l in 200 kg K.,0/ha resulted in maximum water 
irsc economy by the' plant at different moisture regimes. 

(b) Leaf Water Potential 

Leaf Water Potential (L.W.P.) was measured by 
isopiestic method. 44us method involves detecting den- 
sity changes of the' .solution in which the plant tissue has 
been immersed due to uptake or loss of water by tissue. 
Before using the method, the leaf position and time of 
sampling were standardised. It has been observed 
that L.W.P. tends to decrease between 8 a.m. to 5 p.m.. 
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but there has not been any significant change in L.W.P. 
values wilh age from third to seventh leaves. In f)ur 
study we have, duTefore, used both third and fourth 
leaves at j p.m. Results so lar obtained are presented 
in lables 4.3 and 4.4 : 

Table 4,3. I'JIccl qj potash on the water potential of drlached lear es 
{Averntie weekly data for three moisture levels expressed (LS ‘ ’ bar) 


Wrrk* 

0 

too 

200 

1st Wrrk 

:i. 12 

2.33 

2.19 

2nd „ 

;i . 30 

2.31 

2.31 

3rcl ,, 

3 . 32 

2.54 

2.29 

4lh 

3.38 

2 . 59 

2.31 


’•‘alUT onr month (»r potash ap]:>lication 

The mean data of sevtm days in each week suggests lliat 
potash inciiases leaf water ])otential (L.W.P). How- 
ever, the inenrasing elfct t of potash on L.W.P. is more 
pronounced in the case of plants grown in * l'.(4 mois- 

ture level as shown in Table 4.4 : 


Although soils have not yet shown apparent s 
exhaustion, it is clear from the mean rates of 
that growth has been substantially impaired due t< 
nuous witlulrawal of potash from the native sou 
Potash yields (dry matter x K concentration) 
the two epochs (I and 11 above) increase in the 
ing order : 

A. Long term manurtul soils: K (,>;:> Kj > 

B. Virgin soils ; High potash statiis A] 

potash status - Low 
status. 

Potassium acitivity ratio or K-intensity sho 
sharp decrease* during the first nine weeks of en 
irrespective of long-term manun‘d and unm: 
virgin soils, which may be due to rapid withdra 
potash by the* grass at the* begining of the cropping | 


Table 4,4, Plffect of potash on at various soil moisture status 

{mean of four weeks) expressed as ‘ ’ bar) 

I.rvcLs of potash (Kot ). kg/ha) 

Moist m e Kigirne 



0 

100 

200 

F. C. 

2.84 

2.()0 

2.42 

1 F. C. 

3.28 

2.. 54 

2.28 

1 F. c:. 

3.72 

2.33 

2.11 


It is seen iVorri above table that with increasing moisttjre 
stress L.W.P, decreases (‘—’bar) in the absence of potash 
manuring, but the trend reverses with potash appli- 
cations at rates 100 and 200 kg KoO/ha. The ellect of 
potash manuring in increasing L.W.P. has been found 
to be highest at rate 200 kg K.^()/ha, under 50 p.c. field 
capacity moisture status. From both dilfusivc rt'sis- 
lance and leaf water potential measurements described 
above, it can now be said that higher dressings of potash 
(100 -200 kg KgO/ha) apf)lied before the onset ofdrou- 
J 5 ht may reduce the susceptibility of plants to drought. 
Sxhaustive cropping trial 

The cumulative potash uptake : Time relationship 
shows two distinct nuxin rates of uptake during exhaus- 
tive cropping upto and after twenty weeks. Fhe mean 
rates of uptake have been shown in Fable 4.5 : 

Table 4.5, A/ean rates of uptake of potassium by the i^rass under 
exhaustive croppin» {data expressed as me A'/ 100 ^ soil I \ u'eeks). 


.Somc'f 

I'^pot h I 

I’^porh 


uptt) 20 wr<'ks 

From 20-41 

A. Long-term manur- 



ial experiments 

B.43 Kq 

0.0150 

0.0030 

R 4 r» 

0.0302 

0.0020 

R90 

0.0382 

0.0020 


0.0428 

0.0030 

B.105 Ko 

0.0332 

0.0020 

R45 

0.0304 

0.0020 

K90 

0.0400 

0.0030 

R lao 

0.0510 

0.0020 

B. Virgin Soils 

High K Si a (us 

0.102 

0.004 

Metliuin K status 

0.072 

0.(!()3 

Low K status 

0.002 

0.002 


How(*ver, from ninth wc(*k onwards the potas 
tensity values again started recovering and at tl 
of 28th week attained the same levels as that of uncr 
.soils (i.c. th(' initial vahu's), whi( h could be due 
release of non-t*.\(diangeablc jjotassium to the 
pool. I’rom 28th to 44th week potash intensity 
again tended to decline although not as fast as was 
ved during the initial cropj)ing period, ddic K-int 
value of the cropped soils at the end of 44th wee 
of the order of (40 _1: 8) X 10“'* in.e./lOO g .soil, wl 
bel'ore cropping the K-interisity values ranged be 
100-1600 m.c. K/lOO g soil. 

( annulativ(‘ potasli uptake (m.c*. K/lOO g soil) 
44th w('ek of cro|)pi ng has l)een found to be highly 
elated wilh K-intensity (immediately available) < 
cropp(‘(l soils from all regions of N.lx India (r- 
P/iO.Ol), as sliown in I'ig. 3. It may be nol('d ih 
exhaustive croj)ping trial, 34 .soils representing dill 
tea soils of N.L. India were taken. 



OF UNCR0Pf>£0 SOIL (ME 19 ^ 

Fig 3. Relationship between cumulative potash u] 
and K-intensity of uncropped soil. 



Annual Scientific Report For 1976-77 


25 


Cumulative potash uptake (m.e. K/lOO g soil) uplo 
44th week of cropping has also been found to be highly 
correlated with exchangeable potash content of iincro- 
pped soils from all regions (r*— 0.62, P< 0.01), as shown 
in Fig. 4. It can, therefore, be inferred that exchange- 
able potasli content of the uncropped soils can be relied 
upon as a measure of ‘'availability” for prediction of 
pota.ssium uptake irrespective of the regional character- 
istics of the soils. 


0.70 

0j60 


0 50 

>Q 

K^0 40 


0.30 




,20 



EXCHANGEABLE POTASSIUM W PPTH 


Fig 4, Relationship between cumulative potash uptake and 
exchangeable potash content of uncropped soil 


Capacity-intensity relationship of soil potassium 

ft has been felt that to characterise the K-snppIying 
power of soils, a suitable intensity rru'asurcment (I) cou- 
pled with information on how “I” values change on re- 
moving or adding kncvwn amounts of K to the soil ((^) 
may, in the light of our present knowledge, prove- to be 
more useful than other conventional K-availability mea- 
surements. With this end in view Q/I relationships have 
been determined for the 34 dilferent soils used in the 
exhaustive cropping trial. I’he (^/l relations or adsorp- 
tion isotherms wei'C determined covering a wide con- 
c<!ntration range ol potassium (0 to 1(),()00 micro molar 
KCd) at room temperature. It has been observed 
that “intensity” (1) of the soils examined is linearly 
correlated with the “capacity” (Q,) and in most ca.ses 
the straight liru! correlating I and passes tlirough 
the origin indicating thereby that K is not tightly bound 
in our .soil complex. These relations ar’c true lor all 
the soils studied so far. Gradients ol the (^/l relations 
(tan &) or, in other words, “])otential buflei ing capacity” 
(P.B.G.) of the soils pool of labile potassium have also 
been calculated and shown in 'Table 4.6. 

From the above table it is seen that P.B.G. does not 
vary appreciably betwer-n dilferent regional soils, having 
a mean value of 2.0 i 0.4. 'The narrow range of P.B.G. 
values suggest that tea soils, in general, have similar 
nature and extent of exchange surface indicating thereby 
similar pattern of release of native or applied potassium. 


Table 4.6. 

Potential Buffer Ca/)adty'' (P.B.C,) of different soils. 

T.E. 

Location 

P.B.C:. of .soil 

Sarnsing 

DtKiai-s 

1.92 

Rydak 

,, 

1.92 

'IVesta Valh-y 

Darjeeling 

2.22 

t iing 

,, 

2.28 

CJinnaniara 

South Bank 

2.31 

lianuK liarai 


1 Aii'i 

Naghrcling 

,, 

2.43 

Mankh<)< ).si 


2.12 

LiMHigsoong 

,, 

2.09 

Cinnatolliali 

Norlli Bank 

2.41 

1 )rrby 

Caehar 

1 . 8.3 

l^ongai 


1.78 

HaUikfiir.a 


1.94 

Isabhrol 


1.91 


Mean 

2.0 ro .4 


As the P.B.G. values are of high order it is expected that 
tea soils will have better ability to maintain the con- 
centration of [)Otassium in .soil solution at the root inter- 
face provided loss of K due to eroyjping is ad(‘(juately 
compensated by K-rnanuring. Although adsorption 
isotherm studies will be extended further to include more 
.soils belonging to dilferent series and parent materials, 
it can now be safely said that the .soil potassium release 
pattern is unlikely to be varying betwee-n different regions 
since the two unambiguous charac teristics of .soil pota- 
ssium, viz, Q/I relationship and potential buffering 
capacity (P.B.Cl) have- been found to be almost the 
.same for the diffen-nt soils studied so far. 'This indi- 
cates that soil potash and crop correlation test should 
yield the sanu- ty[)e of results both in Assam and West 
Bengal. 

STUDIES ON ZING IN REL.VTION TO TEA 
NUTRITION 

Zinc has been proved to be an (\ssential micro-nutrient 
Tor tea. Deficieney of zinc leads to malforiiiations known 
as “little leaf” or “ro.sette” formation, sickle-shaped leaf 
and intravc-inal ehlorosis. 'There are also evidences that 
zinc deficiency in te a can lead to significant decrease in 
yield. It is known for most crops that zinc content of 
plant li.ssues is much higher than the available content 
of Zn in their corresponding soils. Hence defuicncy 
levels may set in soils especially under continuous cropp- 
ing without ziiK- fertilisation. It has, therefore, been 
thought necessary to survey the available zinc status of 
North I’.ast Indian tea soils. For th(! purpo,sc of* sur- 
veying available zinc status ol* tea soils, the modified 
ammoniuiii-acetale-dithiozone extraction method was 
used (details in Ann. Sci. Repl. 1975-76, P. 24). 
So far 337 top and sub-.soils from different regions 
have !)een analysed for available zinc, the data for 
which are pn-sented in Table 4.7. 

Table 4.7 shows that most of the soils examined have 
a zinc content of between 3 and 27 p.p.m. and frequency 
wise about 64 p.c. of soils lie below 15.0 p.p.m. range 
and another 30 p.c. occur between 15 and 27 p.p.m. 
range. Further, a large percentage of old alluvium 
soils of Cacliar and South Bank have higher zinc con- 
tent as compared to the young alluvium of North Bank. 



26 


Togklai Experimental St 


Table 4,7 Distribution of available zinc in North East Indian tea soils 


Available Zn rontrnt 
in pj)m 

< 3.0 
3.0 14.0 

1"'.0 20.9 

>27.0 

I he .soils that fall in category 1 is rather very low, 
ranging rouglily between 1 to 7 per cent in diirerent 
regions. According to published results with respect 
to other .soils, the range of available zinc betwe'cn 1.5- 
3 [).p.in. has been considered as the boundary between 
zinc responsive and non-zinc n'sponsive soils. 

1 lofile distribution eif available zinc down to 120 cm 
(at every 30 ern intervals) in about 40 profiles, as well 
as thedilFerences between top (0-15 cm) and sub-.soils 
(J.)-4.) cm) f)( difr(T(*nt locations have been found to b(! 
non-signilicant, thereby indicating a uniform pattern 
ol distribution ol available zinc in the (llictive root 
profile of mature tc'a. 

In Darjeeling district soils lor this proji'ct were 
<'ollected aspect and elcvation-wi.se, from North-East 
and South-West aspects and at elevations oi' 900 
.ind 1800 meters rc'spc'clively. Statistical analysis of 
available zinc data, however, did not show any 
significant influence of either aspect or ele vation 
on the available zinc content of soils. However, 
Ironi the point of view of regional distribution of 
/n in Darjeeling there has been an indication that 
soils belonging to the Western parts are appreciably 
low'er in available zinc ('ontent as ('ornpared to tlieir 
counterparts in the 1‘astern part and Kurseong 
M a h a n ad i districts. 

Zinc content of clonal leaf 

I h<’ distribution ol zinc in whole leaves, internodes 
and petioles of various ages has been examined with an 
aim to a.scertain the extent of accumulation, if any, with 
the age of leaf and in different ti.ssues. Results so far 
obtained are given in lable 4.8. 

From the table it is .seen that bud contains sig- 
nificantly higher (piantities of zinc than the leaves from 
the first to the .sixth position. TIk! Zn content of any 
one of three clones does not differ af)prcciably. The Zn 
content of the leaf petiole is slightly lower than that 
ofbiid, but higher than that of the leave.s. However, 
the zinc content of the intcrnodcs down to the sixth 
leaf is double that of the leaves in each one of three 
clones (mean Zn content of internode being 83 ppm 
against 42 ppm of the leaves). It can, therefore, be 
said that the internodes of tea leaves accumulate zinc 
to a large extent. 



Percent of soils snrveycxl in 


Cactiar 

North Bank 

I>{joars & 
J)arjc(4ing 

Nortl 

J 

2.00 

2 '93 

0.87 


18.10 

77-95 

61.23 

6 

44.00 

ir)-19 

30.19 

2 

0.00 

9-95 

7.77 


Table 4.8. 

Distribution of ^inc 

in leaves of different a»e 

and in 


different tissues of three clones 


Ppni Zinc in clones 


I.,rar [)ositi(>n 

tv. 

'I'V„ 

I'V 

Bud 

52.00 

(i5.00 

(iO . Of 

1st leal 

44.20 

39.50 

tf) . 2.^ 

2nd Icat 

13.20 

43 . 50 

43 . 7.'1 

3rd If'af 

45 . 50 

34.. 50 

43 . 25 

4lh teal 

43.00 

46 . 50 

10. 0(] 

r)th Iraf 

15.00 

39.00 

40.00 

()lh leaf 

43.00 

3 4.. 50 

40 . 75 

Mean of leaves 
Leaf Fractions 

43 . 98 

■ 39.. 58 

42 . 33 

P<‘liolf 

48.00 

54.00 

54.25 

’^Inlrrnodr 1 

92.25 

94.00 

77.50 

7 

83.75 

94.00 

(i2..50 

" 3 

75 . 00 

94.00 

94.. 50 

„ 1 

(it.. 50 

74.00 

78 . 50 

” 5 

80.00 

91 .00 

83.00 

Mean of int('rnod(*s 

79.10 

89.40 

7<).20 

^Inlfmodc 1, i 

Bctwc'cn Isl 

and 2iid leaf. 


2, i 

•r. 2rul 

and 3rd 


3. i 

3rd 

and 4th 


4, i 

4lh 

ati4 5ih 


5, i 

.r. „ 5ih 

and (iih 



Analysis has always shown the accumulation of 
amounls of ]:)hosphate by tea shoots even at low 1 
of soil phosphorus, indicating luxury consum[)lin 
lh(' eleuK'ut by llu' lea plant. 4'his is a cond 
c:onduciv(‘ to the accumulation of large amounts of 
in the form oi' zinc phosphate. It can, ihereforr 
inferred that insoluble zinc phosphate may lead to 
availal>ility ol these two elements, especially zinc, 
order to det(‘rrnine if insolubh’ P could lead to 
availability of the two (dements particularly Zn, ex] 
inents have been undertaken. 

LEAF ANALYSIS 

Diurnal changes in the Zn content of leaf 

Different leave.s (1st to 6th leaf) were analysed r 
few occasions for total zinc content throughout the 
from 6 . 30 a.m. to 4.30 p.rn. during the plucking sea 
Mean Zn contents for three clones TV^, 

TVgQ are given in Table 4.9. 

'I hc variations in the zinc concentration of leaf (; 
rage of 1st to 6th leaves) as well as 6ne (Two and a E 
and coarse (3rd to 6th leaves) components of tea sh 
with time are shown in Figs. 5 and 6 respectively. 

From the table 4.9 it is seen that zinc content of 
ves from morning till afternoon, decrea.ses although 
rate of decrease is pronounced in clones TV^ and T 
than in TV^q. The pattern of these diurnal char 
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Table 4.9. Diurnal chanties in J^inc content of clonal leaves {data in p.p.in, >^n). 
Zinc content in o. n.in. 




rv7 



1 

i\)si(i()n oi leal — 




----- 




ti . 30 

9.30 

1.30 

4.30 

1 0.30 


am 

am 

pm 

pm 

am 

Bud 


48 

10 

20 

101 

Isi leaf 

tj3 

44 

43 

27 

70 

2nd ,, 

00 

4.5 

40 

28 

(i8 

3rd „ 

00 

.50 

1.5 

27 

08 

'Ith ., 

50 


47 

28 

88 

:nh .. 

05 

•17 

48 

20 

84 

C.ih „ 

()0 

40 

4(i 

2(i 

71 

Mean 

()3 

35 

45 

2() 

79 


f 

il. 



TV 18 I ^rV20 


9.30 

1.30 

4.30 

() . 30 

9.30 

1.30 

4.30 

am 

pm 

pm 

am 

am 

prn 

pm 

(.2 

()2 

35 

70 

fi2 

t)0 

48 

48 

28 

12 

51 

49 

45 

40 

.50 

27 

37 

18 

45 

42 

40 

35 

40 

20 

10 

.^3 

45 

40 

14 

40 

14 

4(. 

4(i 

3(i 

38 

44 

10 

7 1 

Ui 

41 

3}1 

35 

42 

12 

10 1 

53 

40 

35 

35 

47 

28 

18 1 

52 

47 

42 

39 

9.30 

and 1 

1 .30 p.m. 

On the 

contrary, 

in cas(‘ 


a continuous sharp 

decrease 

is n()l(‘d 

from 6.30 a.m. 


to 4.30 p.ni., except in tlie bud. Ditirnal changes of 
leal zinc content in the case ol 1 have l)(*en fount! 
to be (4 a smaller order than in the other two clones. 
From the nunin data of bud and all leavt^s it has been 
estimated that percentage decreases between 6,30 a.nn. 
to 9.30 a.m. and between 6.30 a.m, to 4.30 p.in. arc 
about 29 and .37 perct rits, respectively, for clone 
about 40 and 7.3 percents, lor clone and about 

10 and 23 percents, for clone As far as the clonal 

.susc('f)tibilily to diurnal changes is concerned, it appears 
that Carnbode ('1V,„) clones are the most su.sceptible, 
followcxl by the Chinary ('rV 7 )clon(‘.s, the As.sam ('I’Vjjj,) 
clones being the least su.sce[)lible. No change in the 
coiu'(‘nt rat ion ol Zn h«a.s bixui ol)serv(‘d in any of the 
internodes Irom morning till afternoon. Hcuice the ob- 
served decr('as(‘ in Zn content ol l(*ave.s of dilierent ages 
from morning till ariernoon cannot be attribul(‘d to 
translocation IVom leaf to internodir, the Zn content of 
latter being always higher than in the leaf (c'.f. Table 
4.6). 


FOR COARSE COMPOhENTS ^ FOR FINE COMPONENTS 



Fig 6. Diurnal variation of zinc content in fine and coarse components of tea shoot 


in the different clones i.s, however, not the same. 
In the case of TV^, two periods of sharp decrease have 
been noted namely between 6.30 and 9.30 a.m. and 
1.30 and 4.30 p.m. and practically no decrease between 


Cationic (Ca 4- Mg f K) and anionic (N4P) dis- 
tribution in clonal tea leaf 

The cationic and anionic balance in clonal tea leaves 
has been examined, utilising leaves of different ages 
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(first to sixth leaves) of four clones. Mean data of all 
the leaves are given in 'I’able 4.10. In this exercise only 
the major cations and anions have been considered. 


Table 4.10. (lationic mid anionic balance in clonal tea leaves {mean data 
expresud as percenlniie nnlie'fulvalent). 


Clone 


TVi 

^V7 

TVia 

TV20 


flat ions 

Anions 

(.at ions 

(K * Ca i Mg) 

(N < V) 

Anions 

12! 

If)! 

0.80 

lOH 

114 

O.O.*) 

84 

84 

1 .00 

102 

83 

1.23 


It is seen from the alK)ve that there is almost a cons- 
tancy in the cationic and anionic balance in the various 


clones studied .so far (please see last column) 
observation based on the analysis of two and a h 
was reported last year (Ann. Sci. Rpt., 1975-7 
'Ihe same trend has been exhibited this yea 
leaves ol* different physiological ages. 

Nutrient Ratios of clonal leaves 

Nutrient ratios, with special reference to major : 
have been worked out with a view to find out 
ratios change between diflcrent leaf fractions d 
rent clones under standard agricultural practice; 
are given in Table 4.11. 


Nulritmt Ratio 


N/K 

N7F 

K/Mt? 

P/Zn 


Table 4.11 Nutrient ratios of sfionh of four clones and their component parts {Mean of Jour observatinns) 



'IV, 



V\f 



f'ViH 



TV.»n 

Fine 

Oiarsr 

lnt<*rno- 

I'irx* 

(a)ars<‘ 


Finn 

( ^jarsc 

Intrr- 

Finr 

( lo.a rsr 



ikhT* 



nodt* 



nodr 



l.bl 

1.10 

1 .08 

2.00 

1.22 

0.90 

1 . 59 

1 . 00 

0.09 

1 . 08 

1 . 52 

9.44 

9.27 

5.29 

11.41 

13.05 

a.tii 

5.31 

4.37 

3 . 9ti 

8.45 

10. If) 

I2.()2 

11.22 

9.50 

14.07 

12.78 

12.88 

10.70 

12.13 

7.11 

9.41 

( j . 3 1 




b.l9 

4.88 

3.09 

13.21 

10.77 

2.92 

10.22 

7.23 


Finr romponenl : Biid first and second leal. 

C’oaisc component : 'Third, fourth, lifth and sixth leaf. 

Intcmodc : All internodrs between the first and the sixth leaf. 


From the above table it can be .seen that : 

(i) N/K ratio decrea.scs from fine comj)oncnt to 
internode irrespective of the clones; 

(ii) N/P ratio does not significantly change between 
the fine and the coarse components, whereas 
the ratio generally decreases in the case of inter- 
node ; 

(iii) K/Mg ratio, in general, do(‘s not change much 
(between the different components; 

(iv) P/Zn ratio decreases in the internodes in all 
clones; 

(v) The mean ratios of leaf fractions for N/K, N/P, 
K/Mg and P/Zn liave been found to lx* 1..'^ f 
0.20, 8.0 f 3.0, 10.0 I 2.0 and 7.0 I 2.0 res- 
pectively. It will, be interesting to find out 
hc^w these ratios will be affected l)y manuring 
and whether these ratios arc better indices of 
uptake or re>pons(‘ as compared to leal' nutrient 
concentrations. 

Magnesium deficiency in clones and seed jats 

Leaves of diflercnt clones and jats showing magne- 
sium deficiency symptoms and their Ix'althy counterparts 


hav<‘ been analysed, f'rom the information ga 
far the following tenlativi* conclusions can be 

(i) Both magnesium and the total cationic (( 
-|-K) contents of healthy leaves have bee 
to be higher than their Mg-deficient ( 
parts. Further K/Mg ratio of deficient ai 
thy leaves practically rc'inains unalt(’red 
contrary, Ca/Mg ratios of deficient lea 
n'latively higher than those of the health) 

(ii) Leal potash data do not seem to sujjj: 
contention that magn(‘sium deficiency 
induced by the cumulative ell'i'cts of 
manuring, since comparison between d 
leaves, subjectc'd to varying periods of 
manuring, do not show significant dil 
in magnesium content of the leavi's. 

As a matter ol intc'rest, the magi 
calcium and potassium contents of the d 
and healthy leaves as well as their rat 
shown in Table 4.12. 


Table 4.12. Mii, Ca, and K contents and their ratio^ in visibly M^^eficient and healthy leaves of plants {data mean of tun chm'>s expressed as m.e. pe 


MOP aoplied (a), 

4f) kgKaO/ha 

Conditions f)f 
leaf 

Potassium 

K 

Calcium 

Ca 

Mai^nesium 

'fotal f Unions 

K. Ca ' Mr 

K/Mr 

For 1 yrar 

For G years 

Healthy 

Defieient 

Healthy 

Deficient 

22.. 34 

15.43 

27.00 

22.88 

51.62 

51.45 

50.00 

4G.98 

34. 18 

27.. 39 

30.91 

20.04 

108.14 

94.27 

109.13 

9(i . 50 

0.05 

0.50 

0.89 

0.80 
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STUDIES ON SOIL NITROGEN 
l^eacliiiig loss and recovery of urea nitrogen 

Leaching losses of urea nitrogen over six month 
period under simulated rainfall conditions in potted 
plants arc shown in Table 4.13. 

Table 4.13. Leaching loss of nitrogen from urea 


IVcatmcnt Not loss of nitrogen (rng N/pot ) i‘(i «)f 


Kg N/hn 

Sirgir or 
s[)lit 
ai)nli< (1 

NH., N 

NO3 -N 

'Total 

t Oca ni- 
trogen 
lost 

0 


zo.oz 

()0. 15 

80 . 1 7 


(K) 

* in 't r(ju- 
al split 

23.65 

120.10 

143.75 

20.03 

109 

Single 
api 'lifalion 

25.62 

1()H 20 

103.01 

31.25 

120 

t in 3 

r qiial s])lils 

24.76 

180.45 

205.21 

28.55 

2(K) 

Single 

applica- 

tion 

30.45 

180.01 

210.‘1(» 

20. 13 


* another 40 kg N remains to he applied in two ef|ual splits, 
another 80 kg N remains to Ijc applied in two equal splits. 


From the above table it is seen that about 30 percent 
of the nitrogen applied as urea is lost over a period of 
six months when potted plants were subjected to 160 
cm (60 indies) of simulated rainfall. 'There had lieen 
practically no dilfcrencc in the leaching loss of urea 
nitrogen cither between the levels or between the methods 
of application. 'I’his confirms our earlier findings on 
sulphate of ammonia where it was found that leaching 
io.ss of nitrogen did not vary with levels of af)[)lication, 
loss being about 40 p.c. over a period of twelve months 
at levels of 50, 100, 150 and 200 kg N/ha. 

Nitrogen recovery values calculated so far (not shown 
here) indicate urea nitrogen clliciency varying between 
30 to 50 percent depending upon applications at low and 
high doses respectively. 'This study is still in progre.ss 
and the above should be considered as interim report. 

LANT) CLASSIFICATION 
Land classification has beiui attempted for the first time 
in the tea areas of Nowgong, (iolaghat, Jorhat, Nazira 
and Sonari circles. Tor this classilication, twentylive 
lea estates were selected following a grid pattern. 'The 
tea estates are located at 16 km intervals along the four 
well-marked contour lines in the topo-graphic map 
(Details in Tocklai Special Bulletin No. 9, 1977). In 
each tea estate, four soil profiles, representing North, 
South, I>ast and West directions, were excavated for 
purpose of recording profile characteristics like t(*xture, 
effective depth, permeability and slope in the field, and 
soil samples were collected to a depth of 120 cm at every 
30 cm intervals for texture analysis in the laboratory. 

Based on the results of detailed texture analysis a soil 
type map has been prepared for the aforesaid tea areas. 
From the soil type map, soil series have been idenlif.ed 
namely, three in each of Nowgong, (Jolaghat and Sonari 
sub-districts, two injorhat sub-district and only one in 
Nazira sub-district. Major .soil types are : silt loam to 
silty clay loam in Nowgong, loam to silty loam in Gola- 


2 !> 

ghat, loamy sand to sandy loam in Jorhat, .silty clay 
loam in Nazira and loam to silty loam in Sonari. 

From the field data and laboratory texture analysis 
lands in the five tea circles have been classified on a 
.simplified system for their safe use and protection against 
erosion. 

'The classification shows that three classes of land, 
viz., cla.sses 111, IV, and V with few, moderate and se- 
vere limitations resp(‘ctively occur in these tea areas. 
However, majority of the land belong to Glass HI, i.e., 
with few limitations from the point of view of erosion 
and conservation. 'The e.xceptions are the plateau lands 
and the low t('clas of red bank soils. 'The rolling plateau 
lands on the cxtnuTK! West of Nowgong centering round 
Kondoli 'T.T'.., from the West of Moabund T.E. upto 
Neghcreting 'T.lv, and from Tyroon 'T.E. to Borsillah 
'T. TL. to the South-West of Jorhat belong to Glass IV 
and these lands arc subjected to nK)d('rat(! (Tosion haza- 
rds. 'The low tcadas of red bank soils, situated close to 
the Mikir Hills in Nowgong, separated from the Mikir 
hills l)y low lands in Golaghat and on the lower slopes 
of the Naga hills skirting Sonari, belong to class V and 
these lands suITt from severe limitations from the point 
of view of soil and water conservation. It has been 
suggested that intensive protection measures like con- 
tour drainage, contour planting, tie-ridging or ridge 
bunding and mulching should be adopted in soils of this 
class, especially in new i)lantations, for safe disposal of 
storm water and protection against erosion. 

I-and classification work was aTso carried out in a much 
more intensive fashion in one of the tea estates located 
in the plateau series of Dooars, where physical proper- 
ties like surface hazard (presence of stone and pebbles), 
clTcctive depth, permeability, slope, wetness and texture 
were measured cither during the field trials trips or in 
the laboratory. One hundred and twelve profiles were-^ 
excavated in a close grid for collection of field data and 
soils from tlu se profiles wen' also used for laboratory 
analyses for physico-clu'rnical j)ropcrties. It has been 
found that most part of this t['a ( state' bt'long to class(‘.s 
HI and IV with few and moderate erosion hazards, 
r('sp('ctiv(dy. Tlu' main limitations have been identi- 
fied to be mocU'iately shallow to shallow soils, low mois- 
ture retention capacity, slightly stony soil (aimiit 60 p.c. 
stones and pebbles of size diameter greater than 2 mm) 
and high pernu'r.bility. To overconu' tlu'se limitations, 
it has been suggested that water conservation measures 
may be adoj^ted on a micro catchment level, i.e., on a 
single plant level (tie- ridging, strip mulching etc) as 
practised in ( ientral Afric an tc'a areas, Ix'sides provivling 
contour drains arvl bunds and planting tea on the con- 
tour. 

STUDIES GN GROUNDWATER DRAINAGE 
PROBLEMS 

Work on diagnosis and solutions to sub-soil drainage 
problems (specially problem of high groundwater tables) 
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has been initiated under United Nations Development 
Programme. The objectives for diagnostic work are 
as follows : 

(i) Obtain quantitative information regarding 
water tables actually prevailing throughout the 
monsoon period in as many estates as possible; 

(ii) verify if impcaling layers in the soil profile, caus- 
ing “perched water tabl(\s”, are of importance; 

(iii) ascertain which part of the rainfall in monsoon 
discharge as surl'ace run-off; and 

(iv) establish criteria for ground water tabh* control. 

Eor fullilling the above object ivi\s, piezomet(‘rs have 
l3('cn installed in thirteen project sites laid out under 
direct control of the department, in thnM‘ “jiilot estates’' 
namely, 'I’oeklai (the station’s own <\state), Munwal 
and I larotjcharai. I fiese sites an* so chosen as to show 
different degrees of apparent water-logging symptoms. 
Besides daily observations of water table in tlie pie/o- 
meters, water levels in 0 [)en drains and r('( ipient hulas 
or streams adjacent to the sites are ^dso Ijeing rc'corded 
throughout the monsoon. Preparations have also been 
made for installation of pic^zometers in another tliirtec'U 
sites distributed in tea estates around Jorhal and (iola- 
ghat, where observations will ber made by the e*state* 
staff under guidance of d’ocklai. In (.*aeh of the al)ove 
sit(‘s, on an average 35-40 piezometers liave been ins- 
tall(Ml, the principle* being to install one or two rows 
(if piezometers perpendicular to the main or sub-rnain 
drains and similarly another one or two rows of pie zo- 
meters mid-way between two secondary drains and 
parallel to them. 

Simultaneously with the diagnostic work, pipe drai- 
nage experiments have been laid out on a small scale 
in thrt!(! project sites at 4’ocklai and Haroocharai tea 
estate to control groundwater table, whe re 60-70 m 
asbestos cement pipes in a gravel envelope* have been 
laid out at a de[)th of about 1.5 m and at a spacing of 13 
m. 'I'he set up of pipe drains in the “pilot estates” 
has been kept to the minimum but the arrangement 
permits testing the performance of drain line's in repli- 
cates. All the pipe drains flowing into the collector 
ditch have been provided with long end-pi [)e‘s to enable 
measurement of the outflow from the drain lines (as 
shown in the photograph). 15rain flows and ground- 
water levels are Ixdng daily rcxT)rdcd in the pipe drain- 
age experimental sites during well spread out drainage 
<*vents “lasting” for 3-7 days after he’avy or medium 
intensity rainfall. The recession of the water table 
from a point in the upper .50 cm of senl at the mid-point 
between drains dejwn nearly to the drain depth has been 
termed as “drainage event”. The recommended tech- 
nique of mannual measurement using a container of 
known volume and stop watch has been followed for 
measurement of outflows fro/n the pipe drains. A com- 
plete evaluation of the performance of pipe drains is 
only possible at the end of the current drainage season, 



PIPE DRAINAGE SET UP 


(Tocklai Demonstration Plot) 


A : Cement asbestos pipe 7.5 
cm. diameter, placeil at a 
depth of approximately 150 
cm., spacing 12 m 12 m. 

B } Cement asbestos pipe, 15 
c.m . diameter, placed at 
the mouth of open shallow 
surface drains (3(1 cm. top 
diameter, 15 cm. deep), 
spacing 36 m X 36 m . 


For disposal of si 
soil water and cont 
of ground water ta! 


For disposal of s 
face-run of* 


although both water table and flow data an* anal 
after each drainage event. The performance pan 
tens (for testing the drain lines) namely entrance n 
ance r^ and ihe ratio ‘hi'/h lot' (entrance head loss 
total head loss) so I’ar calculated suggest good pc* 
mance of the test drain lines, and he/h lot being 
than 0. 75 and 0.2 respectively. In addition a puin 
experiment has been initiated for improvement of 
drainage of an area of 42 ha under tea in Haiooch 
T.E. In this estate satisfactory gravity drainage cai 
always be cfl'ccted owing to lack of suflicicnt out 
The aim of the experiment is to find out whether pu 
cd drainage will help during critical monsoon per 
in lowering the ground water table and thereby im] 
ving growth and yield of tea. 

Two 14 H.P. Kirlo.skar Diesel Pumps have h 
installed at the outlet point. These pumps liavc 
charge capacity of 68 litres per second, with an en^ 
speed of 1,500 r.p.m. and a total head of 8 metres. " 
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pump drainage system should he able to cope witli a 
rainfall of 30 mm/day or a discharge of 5.5. c.fl. per 
second when both pumps are working simultaneously. 
All drainage water from 42 ha tea area is diverted to a 
600 metre long channel (top diameter 4.5 m) with a 
(hop of only O'S m in GOO metre which has been 
bunded (2.7 m height) at the outlet for pumping out 
drainage water across the bund. Design wat(‘r level 
(i.c., water level at design discharge) in the channel 
has been taken to be about 0.55 m. Pum|)s will only 
work when the design water level is exceeded during 
critical monsoon periods, otherwise drainage wal(‘r will 
be taken out by gravity liy opening the sluice gate 
provided on the bund at the outlet end. Fie/ometers 
have be('n installed, lollowing the same' layout as de.s- 
cribed earlier, lor monitoring the' groundwat(‘r table 
throughout monsoon in bolli pump drained area (12 
ha) and control area ( about 50 ha) wlu're existing 
<lrainagc system of the estate has been kej)t unal(('red. 


Besides water lev('l measurement in the piezometers, 
water levels in the channel, collector drains and hula 
(adjaccrrit to the groundwater obse rvation plots) are also 
recorded. Arrangement has been made to record dis- 
c!iarg(‘ of pump at givcm lilt and given engine speed as 
well as time of pumping for working out pump efficiency. 

RF.SEARCH AM) ADVISORY SOIL ANALYSIS 


A total of f)G,()0(i soil tests wcr' carried out during the 
year. I'lic break uj) is as follows : 

Research : (\slimalions. 


Advisory : (aj Tocklai Unit ( This excludes depart- 
mental jjrojeet analyses). 

4d,0()0 ('stimations. 

d)) Dooars Unit : 

1 5,000 eslima lions. 



Plane Improvement 
K Trial of Biclonal seed stocks 

'I’Ik* long-t(rrni trial of five biclonal stocks at 'focklai 
planted in 1973 (Ann. Rep. 1973-74, p. 42), produced 
suirici(*nt leaf diirinif the year for manufacture in 1 ktj; 
rollers. I'rom the yield trend and quality tastintr in 
c:f>niparison to Tocklai Biclonal Stock 449, three r)f the 
stocks are found to be promising. 'Tlu* trial will be 
continued for a few more years for obs(‘rving yield trend 
and quality belbn* final assessment. 

'Trial of the sitme stocks are also in progr(‘ss in the 
Dooars and (iachar for observation of their drought 
resistant properties (Ann. Rep. 1974-75, p. 32). 4'he 
young seedlings of all the five stocks have thrived well 
in the prolongc'd dry period of 1975, and initial yield 
results are quite encouraging. 

Seeds from these stocks have also beiui distributed 
in diir<‘r('nt regions of A.ssam, (kichar and the Dooars 
Tor establishing observation plots. 

2. Micro-seed baris 

On the basis of pollination results and short term trial 
of the hybrid seeds, altogether eighteen biclonal combi- 
nations wetx' (bund to b(* promising and were selected 
ft>r establishing mi(To-secd baris for production of seed 
under natural conditions. 'Three micro-s(*ed baris ol* 
biclonal combination selected earlier will be planted 
out in 1977. 

3. Cytological investigations 

T>etailed cytological investigations were carried out on 
the triploids, tetraploids and aneuploids derived from 
a natural triploid plant (Ann. Rep. 1969-70, p. 40). 
The progeni<*s showed e.xlreme variations in their chro- 
ino.sonie number ranging from diploid (2n 30) to 

pentaploid level (2n 75). While most ol the fjoly- 

ploids and aneuploids were generally vigorous, the pen- 
taploid plant was extrertiely slow growing and stunted 
in charact('r and did not survive inspite of all the care. 
Out of the 14 plants surviving, one plant was found to 
be diploid (2n 30) and three were tetraploids (2n:^^60). 

The rest of the plants were aneuploids in character, 
showing chromosome numbers around di()loid (2n = 32 
and 33). triploid (2n = 38 and 42 ) and tetraj)loid (2n 

- 58, 59, 61 and 63) levels. Two of the |)lants with 
average chromo.soine number 2n 60 appeared to be 
aneusnnalic in character, often certain cells in the saint' 
tissue bearing chromosome numbers above or below the 
normal. 

The aneuploids and polyploids vary considerably in 
their morphological characters and are found to be 
fertile. Further investigations are in progress to deter- 
mine the possibility of identifying individual chromo- 
somes associated with specihe characler.s, so as to use 
tliern in fututc breeding schemes. 


4. Selection of vegetative clones 

'Thirtyfive buslies were selected from hybrid p 
resulting from artificial crosses. 'The bushes 
put to long term trial as soon as suHicient cutt 
come available. 

Rooting trial was completed for the 22 mothe 
.selected from ncighl)ouring estates (Ann. Rep. 
f). 28), out ol’ which only si.x clones wi're foun 
good rooters. On the basis of nursery vigour, t 
essful clones will be planted out in long-term tria 
autumn 1977. 

5. Long-term trial of clones 

One more long-term trial was planted with 16 
A total of about 1 12 clones are at pn'sent in ( 
stages of long-term trial. 'Three ol the long-ter 
com[)letcd five years in the field, out of which fou 
were found promising. These clones will be 
for a few more years before making final selccti 

From another long-term trial which cornplet 
phas(’ of one pruning cycle, three clones were li 
be outstanding in cup-(diaractcrs and yield. 

6 . Selection of clones in tea estates 

'The survey of tea germplasm and clonal selcctic 
was continued in dilTerent regions of N.K. Indi 
tates where seh'ction work was carried out earlie 
also helped in every step in conducting the triah 
area surveyed during the year and the number of 
.selected are as follows : 



No. of 

Area 

Rri^ion 

Kstates 

snrvrycci 
in hret. 

Assam Soiiiii Itank 

7 

317.55 

Assam North Bank 

10 

751.99 

Ttrai 

5 

457.00 

Dooars 

12 

095.92 

C’at'liar 

5 

310.71 

'Total : 

•M) 

2539.83 


Plant Physiology 

1. Selection of drought resistant clones 

'To isolate the factors responsible for drought res 
of clones, .some of the anatomical and mor[)hc 
characteristics of leavi's of din'erent clones were s 
4 'he object of the study was to find out if some 
of thes(' features could be utilized for the sclec 
drought resistant clones. 

The drought resistance or drought susceptil) 
most of the Tocklai released clones has been idr 
from their performance during prolonged dry j 
in regiems like the Dooars and C'achar. On th< 
of their performance, clones have been cal('t 
into good, fair and poor drought tolerant groups, 
clones, from each of the good and the pc or d 
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tolerant groups, were taken Tor the study. 'Fhe clones 
'J'V 7 and TV 1 1 are 1‘rom tlu; drought l<)l(‘rant and 'TV 2 
and I'V 3 from the drought suseepti])le group. ’I'Ih' 
observations were carried out on such anatomical fea- 
tures ol lh(‘ leal as (a) Cajtich* thickiKss, (b) Area ol' 
intercellidar space, (c) Falisacle ihiekness, (d) Size 
of inesophyll cx'IIs and (e) l.eaf blad(‘ thickiu'ss. 

'I'he data ol)tained so far show that the drought tole- 
rant and drought susc(‘ptil)le ( lories dill'er signilicantly 
in cuticle thickness and the area of interc(‘l hilar space. 
Both the ( lones of th(‘ drought tolerant group poss(\s.sed 
thicker cuticle but less intercellular space* in comparison 
to the clones of the di*oughl su.sceptible group. Th(‘se 
two anatomical features may prove useful in the identifi- 
cation of drought susceptibility of clones. The other 
features did not show any difference between the clones 
of the two groups. Further investigations are in pro- 
gress. 

2. Dry matter content 

In continuation of the [irevious investigation on diurnal 
and .seasonal variation in percent dry weight of plucked 
.shoots and their comporumts (Ann. Rep. 1975-76, pp. 
30-31), further ob-ser-vations were made on the effect 
of plucking at 9 A.M. and 1 F.M. on the dry matter 
content of tea .shoots. Results are presented in Table 
5.1. 


Tmble 5.1. 


Month 


June 

July 

August 

Scptrrnbrr 

October 

NovemlxT 

AN'crage 


June 

Jul> 

August 

Srptrnib<‘r 

OrtnfK-r 

November 

Average 


June 

ju!v 

August 

September 

Orluber 

November 

Average 


June 

July 

August 

September 

October 

Noverntier 

Averag(? 


Overall Mean 


1 ft.V}. durinn the season 


% dry wl. 


Plurkinff 



IVrcrnt 



roumls 

9 A.M. 

I P.M. 

inrrc.'iso 


TV 3 



3 

20. b 

21.8 

5.8 

4 

21.4 

22. (> 

5.0 

4 

21.1 

22.1 

4.7 

.3 

20.0 

22.8 

14.0 


19.9 

21.5 

8.0 

1 

IH.O 

21.4 

13.8 


20.3 

22.0 

8.0 


TV9 



3 

19.7 

20.9 

O.I 

4 

20.0 

21.5 

7.5 

4 

20.2 

21.1 

4.5 

3 

19.4 

19.5 

0.5 

4 

1«.H 

20 . 3 

8.0 

4 

18.5 

20.2 

9.2 


19.4 

20.0 

0.0 


TV 11 



3 

20.2 

21.0 

0.9 

4 

21.0 

22.2 

5.7 

4 

21.0 

21.9 

1.3 

3 

19.9 

21.0 

8.5 

4 

18. 1 

19.8 

9.4 

4 

18.5 

20.2 

9.2 


19.8 

21.2 

7.3 


TV 16 



3 

19.3 

20 . 5 

6.2 

4 

19.0 

20.1 

2.0 

4 

19.9 

20.8 

4.5 

3 

18,5 

20.5 

10.8 

4 

19.0 

19.5 

- 0.5 

4 

17.7 

19.3 

9.0 


19.1 

20.1 

5.4 


19.7 

21.0 

6.8 


It can be seen from the table that the pereeiit dry 
weigfii of shoots [ilncked at 1 F.M. is higher than that 
of shoots plucked at 9 A.M. in all the four clont's throu- 
ghout the season. J’here was only oik* ('xception during 
October when the dry weight of clone 16 slightly decrea- 
sed at 1. F.M. 

fhe mean increase over the year in dry weight at 
1 F.M. over 9 A.. VI, varies from T).! to 8,7 perct’iit be- 
tween clon(*s. There are variations in dry weight (on- 
lenl between and within clones in different months of 
the year. In spite of these variations, all the lour ( lones 
regist('r(xl considerable increase in dry weight for pluck- 
ings at 1 F.M. over 9 A.M., the mean increa.se for the 
four clones taken together being 6.8 percent. This 
means that the recovery ol” made tea from the same 
(juantity of green leaf will be higher by more than 5 
percent if leaf is pluck('(l at 1 F.M. instead of at 9 A.M. 
increament of the dry weights of first and second leaves 
between 7 A.M. and 11 A.M. was reported in Ann. 
Rep. 1975-76, pp. 30 31, which corroborates with the 
pre.sent finding. 

Dry matter cont(‘nt of shoots averaged for 9 A.M. 
and 1 F.M. Plucking is shown in Table 5.2. 

Table 5.2. Dry weij^hf of dona/ shoots (iveraf>ed for tnorninff and noon 




plucking 




C’lones 

IV 3 

TV 9 

1 ’V 1 ! 

rvi 6 

Average 

Month 





June 

21.2 

20.3 

20.9 

19.9 

20.6 

J'dy 

22.0 

20.7 

21.6 

19.8 

21.0 

August 

21.6 

20.6 

21.4 

20.3 

21.0 

September 

21.4 

19.4 

20.7 

19.5 

20.2 

()< (ol)er 

20.7 

19.5 

18.9 

19.5 

19.6 

NoveinbiT 

20. 1 

19.3 

19.3 

18.5 

19.3 

Average 

21.2 

20.0 

20.5 

19.6 

20.3 


Dry weight content of clonal sIkxiIs was higher during 
July-.‘\ugust and lower during October-November. 
High yielding clones in general has a lower dry matter 
content in their shool.'^. The seasonal trend of dry matter 
of different clones is shown graphically in Fig. 5.1. 

J’he percent con Iribu lion of the dirferent .‘hoot compo- 
nents towards total dry weight ol (*>nly the growing shoots 
of all the four eloiu's plucked at 9 A.M. and 1 F.Nf* 
was estimated on 22 occasions from June to Novcml)er. 
For the .sak(‘ of brevity y('arly mean figures only are 
given in Table 5.3. 

It can be seen from 'Fabh! 5.3 that plucking at diffe- 
rent hours of the day ( 9 A.M. and 1 F.M, ) has not 
effi'cU'd any change in the relative contribution made 
by the different components of a shoot towards its total 
weight, although the proportion of bud, first leaf etc. 
varies from clone to eh^ne. Furthermore, the propoi- 
tmn of the components constituting a growing shoot 
did not change at different times of the year in any of 
the four clones. This is illustrated in Fig. 5.2 with 
data from one of” the clones, TV 16. Thus the propor- 
tion of the finer and coarser components of the growing 
sluMit was not altered by plucking at different hours of 
the day or at times of the year. 



Percent dry matter content 


34 


rocKi Ai Experimental Stati 



J J A s 0 N 

^^*8* ^4. Dry matter content of plucked shoots 
during the season 



Fig. 5.2. Mean proportion of the components constitu 
a growing shoot of TV 16 during the season 


However, varyint^ quantities oi' banjlii shoots : 
also plucked from all bushes at dilTerent times f)t the ye 
'The baiijhi shoots have small buds and the proporti 
ol Otlua- components also diU'er I'rorn that of the i^rowi 
shoots. Hence the proportions of shoot compone 
given in Fable 5.3 would have been different if' lx 
growing and banjhi shoots were included in the riH’asu 
nicnls instead ol' taking growing shoots alone. 1 
total dry weight of banjhi shoots harvested at ev( 
plucking round was, how(‘vcr, esiimalc'd for each of I 
lour clone's and shown in Table 5.4 as percentage o(' | 
total dry weight of shoots harvested at different mon 
of th(‘ year. 

"Table 5.4 shows that the percent contribution 
banjhi shoots towards total dry weight of' crop vai 
between clones and also at different months of the yc 
'The variation is less pronounced between clones th 
between different times of plucking. "There has be 
a progressive incr(’as(' in the proportion of banjhi sho 
as th(' season advanct'il and this finding is in agn'euK 
with our previous results (Ann. Rep. 1957, j). 72), w 




Table 5.3. 

Contribution of the roiufwnt’nt\' towards tital drv ir 

piilht of fdm krd 

shoots 


Clone 



, Shoot 

compf)n(“nls 





plucking 

Bud 

1st leaf 

2ntl loaf 

3rfl leaf 

Stem brtwi 

•t‘n 







Bud and 2nd 

2nd leaf & 







leaf 

3rd leaf 

rv .3 

9 A. M. 

15.48 

31.31 

32.96 

6.11 

8.22 

5.92 


1 P. M. 

15.94 

28.89 

32.00 

7 . 59 

8.33 

7.23 

TV 9 

9 A. M. 

12.94 

24.65 

32.87 

8.48 

9.63 

11.48 


1 P. M. 

12.86 

25.60 

31.47 

8.64 

10.00 

1 1 . 42 

TV 11 

9 A. M. 

15.44 

30,67 

34.49 

6.94 

7.00 

5.45 


1 P. M. 

15.41 

30.84 

33.70 

8.18 

6.83 

5 . 65 

TV 16 

9 A. M. 

12.85 

28,60 

32.73 

8.11 

9.11 

8.60 

1 P. M. 

13.49 

28.28 

32.97 

6.88 

9.74 

8.69 

Mean 

9 A. M. 

14.18 

28.81 

33.26 

7.41 

8.49 

7.86 


1 P. M. 

14.42 

28,40 

32.53 

7.82 

8.72 

8.25 
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Table 5.4. Dry iveighf of hanjhi .shoots expressed as percentage, of i 

total dry Height of shoots plucktd in Ihiftruned tea 



(4on( 

'S 



Month 

. 

— 



Mran 


TV 3 

rv 0 

TV 11 

4 V 10 


lunc 

.35.70 

22.92 

10. -14 

21.90 

24.71 

July 

. 33 

9.0() 

13.10 

1 1 .90 

11.00 

Aut^ust 

14.. 50 

10.40 

10. ()4 

15.10 

14. 10 

Srplciiibrr 

10.71 

12.17 

12. (.9 

20.38 

10.99 

( )( 

33.74 

27.30 

27.89 

'14.70 

33.42 

Novf'U'bcr 

34.00 

-13.98 

23.19 

34.43 

33.92 

Mran 

24.31 

21.08 

18.33 

25.75 

22.37 


the only dilferencc that the pr()f)()rtion of hanjhi shoots 
has bcpn high in the pr(‘S(‘nt investigation in compari- 
son with the earlier one. I’his dillerencc may be attri- 
l)Uted to the laet that the previous study was made on 
annually pruned buslu's, wliih* unpruru'd l)ushes were 
taken lor tlie prese nt investigation. '1 he high percent- 
age of banjhi shoots found in June in all the clones sugges- 
ts that un|)runcd bushes go througli a banjhi period at 
this time of the year. 

'The annual contribution of banjlii shoots towards 
total crop varied betwc'cn clones from 18.3 to 25.8 per- 
cent with an overall mean of 22,4 percent, which is 
about twice as much as of annually pruned t(‘a. Per- 
centage of banjhi shoots is much higher in (_)ctob(T- 
.November in all the clones. 4’he lower pt'nentage ol 
banjhi shoots in (lone 4'V 11 is striking, but it cannot 
be (‘xplained in terms ol' the haigtli of growing and ban- 
jhi ptTiods. 

3. Investigations on bud dormancy in tea 

Clcrtain plant growth regulators like gibben’llic acid 
an* known to induce ('arly bud break while growth re- 
tardants like suppress growth at higher concen- 

trations initially, which is compensat(‘d at a later stage 
by enhanced growth. However, at lower concentra- 
tions even some growth retardants like CX X ! have been 
observed to behave like growth promoters. Against 
this background, two experiments were initiat(‘d, one 
to study tlie elTicacy of different growth regulators in 
inducing early budbreak and the other to study their 
efTect on crop distribution. 

T(^ study the effect of growth regulators on early Inid 
break, six growth regulators (4-(JPA, GAg, BA, (di-PA, 
SADH and C(X') were tried out on deep skilled bushes 
of clone TV 9. Aqueous solutions of the growth regu- 
lators were sprayed on the bushes on four different occa- 
sions, i.e. on 4, 1 1, 18 and 25 I’ebruary 1977. The 
number of buds sprouted by the third week of March 
was counted and subjected to statistical analysis. No 
growth regulator treatment was found to enhance early 
bud break significantly although some of the treatments 
with growth regulators appear to have increased the 
number of buds per unit area of bush surface. Time 
of application also seemed to be important. 

Treatments GA at 100 pprn and 500 ppm, CCXl at 
100 ppm and SADH at 100 ppm and 500 ppm produced 
more primaries per unit area of bush surface than the 


control. The number of shoots plucked arc being re- 
corded and the final assessment of the treatment effect^ 
will be made by the end of the year. It is proposed to 
continue the experiment for a couple of years rnorcL 

4. Crop Distribution 

The efTect of the growth regulators (except 4-GFA) 
on crop distril)Ution was studied on unpruned bi .sheis 
of the three clones 16.12.15, 16.10.8 and 16.8.7. The 
chemicals at three concentrations were sprayed on the 
bushes on 9lh March 1976. Plucking was done at 
wec'kly intervals and the plucked shoots from ('ach clone 
were manufactured on 25 occasions by the (f T.G* 
method. 4 he teas were evaluated by the Tocklai 4’as- 
ter. 'I'he growth regulators w(‘r(' again spraytxl on 
on(‘ repeat in Se{)lember and on another repeat of the 
trial in NoM inber to see if the latter treatments would 
extend tiu' plucking season. 

It apjxars that GAg increas(‘s early crop while the 
growth ntardanis (XIG, SADH and CiKl*A sujiprcss 
eaily crop and j)rodue(' mont during the later part of 
the y('ar, eonqx nsating the early suppression. Repeti- 
tion of liormone spray in September and November 
did not f)rolong tin* pliuking sc^ason, and all bushes 
l)ecame banjhi by December. 

'The cloiK's varied in yield in resf>onse to tlu’ treat- 
nuMits of growth regulators, particularly to the latc’r 
treatments. .\o definite conclusion is [)ossible at this 
stag(‘ regarding tin* trlfccl of lh(v chemicals on the fina- 
lity of made te as. 

Based on thest! observations, a full scab* trial has been 
started during the year using clones TV 7, 'TV 15 and 
4’V 18 representing Ginnery, A.ssam and Gambod types 
of tea K'spectively and the growth regulators GAg, (XX 
SADH and CKPA. 

5. Photosynthesis and translocation studies 
using isotope 

An expiTiment was initiated using (X^ isotope to 
study th(’ photosynthetic (X).^ fixation and translcxatiori 
of labell(‘d ))hoto.synthates in tea bushes. Five* one- 
year old |)lants from each 'I’V 1, 4’V 18 and TV 20 (Fig. 
5.3a) and a mature bush of a .seed jat in pots were us<'d. 
Individual plants were exposed during December 1976, 
to 100 |(ic of (X)g‘'* in open sunlight so that light doc s rot 
become a limiting factor (Fig. 5.3b). Individual .'^inglc 
stemincr potted plants were enclosed in transparent 
polyethene bags and the bottom of the bag was tied 
around the main stem. Radioactive GG^^* was inj;’cted 
from the top of the ('nclosure. Plants intended for 
photosyntlietic CXT^^^ fixation studies were (exposed 
lor 2 horn's, whereas the plants meant for translocation 
studies were exposed to CO . 2 '^ for 24 hours to get the 
maximum COg utilised by the plants. The plants 
were uprooted after different intervals and processed 
for radioautographs made by exposing X-ray films to 
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Fig. 5.3a. Potted one-year old TV 1, TV 18 and TV 20 
plants before Co® exposure 

the riioimtcci plant specimen treated with I’he 

plant tissue containing isotope produces the dark 
shadows in the X-ray film. 

Radioautographs of one plant in each clone and 
mature seed jat, harvested immediately after 2 hours 
of exposuH', were examini^d for the CO,* * fixation. Fi- 
gure 5.4a shows that the label distribution in the leaves 
was unifonn and as such no discernible difference could 
Ix* found. As the plants were in banjhi state, the leaves 
were all mature and hence no difference in (X).,'** fixa- 
tion could be observed. In case of the mature seed 
jat, the leaves at upper canopy appear to have fixed 
more CO., than the leaves in lower layers (Fig. 5. 4b). 
Light might be the limiting factor for the lower leaves. 

One set of plants in each clone was harvestixl in the 
month of February 1977, about 45 days after CO d^ cx- 
posun’ (24 hrs) and the radioautographs were examined 
h>** (d ^ label distribution. Besides th(' leaves, the roots 
were also found labelled at this time with the rootlets 
and root-hairs showing more intensity (Fig. 5.4c). The 
mcristematic regions such as rootlets, growing axillary 

buds and apices could be identified as the sink in a tea 
bush. 

Another set of plants was harvested during March 
1977, when the plants had produced spring flushes and 
the radioautographs were examined. I’he new flushivs 
were less intensely labelled than either old leaves or 
roots (Fig. .5.4(1). The new Hushes nt-ar the C* ‘ treated 
leaves were more intensely labelled than the flushes 
located farther from the old leaves. Po.^sibly the old 
leaves and stem contribute towards the cjirly spring 



Fig. 5.3b. The plants being exposed to 

flushes, ratlier than tlie roots. The obscTvationi 
radioautographs will be (|uantified by subjecting 
tissue samples for counting in CM Counters. Fur 
observations arc continued. 

6 . Use of growth retardants on tea bush to | 
mote rooting of cuttings 

An observational trial was taken up to inv(‘stij 
the possibility of improving the rooting capacity off 
rooting cloiK^s like TV 13 by foliar application of d 
rent growth rcgulatcjrs on the mother bushes, cspeci 
the growth retardants. Application of growth rc 
dants to the mother bush bc'fore taking cuttings 
(*xpected to restrict shoot elongation and enhance 
starch accujrnulalion in (he stem, which m turn m 
aid the rooting of cuttings. Five retardants [C. 
C.'FPA, SADH, MH and Morphactin IT-3456) and 
promoter (IBA) in four concentrations were spra 
on TV 13 mother bushes one month prior to tal 
cuttings. Some of the treatments showed prorr 
Further investigations arc continued. 
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Figure 5,4a* Mounted Specimen 
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Figure 5 4a. Radioautograph 
( No activity In the root zone ) 
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Figure 5.4b. Radioautograph ( Note the difference 
in intensity in layers of canopy. 

XL Top layer, ML = Middle layer , 

BL ~ Bottom ^yer ) 


Figure 5.4b« Mounted specimen 
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Figure 5.4c. Mounted specimen 
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Figure 5 4c. Radioautograph 
( See the activity in roots ), 
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Figure 5.4d, Mounted specimen 



Figure 5.4d. Radioautograph ( Note the difference of 

intensity between roots (R), old treated leaves 
(OL) and the new flushes ( NF ). 



(Entomolagg 


Shol hole borer has been reported for the first time : attack 
of this pest is restricted to old lea in some areas oj upper Assam. 
Red spider attack is more on clones ivith erect leaves. Scarlet 
mile prefers 4th and 5lh leaf for oviposition and diirinji cold 
weather its population is highest in lower zone of young and 
mature tea leaf canopy. Mite populations may increase with 
application of zinc sulphate. Biology of three new scales have 
been worked out. .Nematodes may cause damage even at low 
level of abundance. Right commercial formulations of acari- 
( ides and six insecticides have been evaluated against pest ((implex 
(f tea. Acaricidal spray may increase crop to about 22%. 
Biology of mites 

Clonal susceptibility of mites : Siisc ('ixibility of 


4Vk klai < 

clones 

rvii, TV] 

12, T V 13 

, T V 14 aiK 

1 T’V15 

to scarlet mite. 

, Brevipalpu: 

j phoenicis ((Teijskej 

s). was 

assess('d 

from il 

s fecundity 

on these 

cloiK's maimainetl 

at 19 C 

with 70^4, R.H. 


aying was 1 

ligli on 

clones 

rvi3 i 

Hid 'l'V14 

than on 

(Tones T V! 

1 and 

4 V12. 

'fhe trend in egg 

laying is 

similar to t 

hat ol]- 

taiiK'd at 

; con In 

)llcd tcnifX’r; 

a lure of 3 

2'’(! and 75' 

5, R.H. 

(ixfiortcd last year), though at 19 

( ! l(‘sser eg: 

gs were 

laid. 






Life-c) 

, (:le of 

•icarlcl milt‘ 

was studied at 23' 

c: and 

28T: on 

clones 

TVl, l’V2 

, T’V3, ^ 

rV4 and T' 

V5. At 

23T: the 

lifocy 

ch' was com 

plrtc'd in 

about 32 d 

ays and 

at 28 C 

in about 26 days on all the 

(Tones. T he high- 

er the tc 

inperat 

ure the lower was the duration 

of the 

life cych’ 

and tl 

lis was well 

re(leet(‘d 

in the mite 

popu- 

lation build up 

under field 

conditio 

•ns. 


fecundity of 

the scarlet 

mite on 

1st, 2n(l, 3r(l, 4th 

and 5th 

l(‘aves < 

of a shoot \> 

/as studie 

d. Results 

(Table 

fi.l) show that on all the cf 

ones mori 

e e.g.gs were 

laid on 

5th leaf 

and mi 

inimum eggs vvt're laid on 1st h 

•af. 

Table 6.1. 

h'aioidity of .sforlrt inifr on ihlfne 

nl If lives of (till 

('lent iiyrs 

A\ < rage 

nunilxT 

of' laid: < 

iNiposit ion 

[jcriod (in parrnllwsis) 

(Hones 

1st IcmI 

2nd leal 

3rd f af 

'1th leaf 

5;h leaf 

rv 1 

la. as 

12 00 

13 00 

1 1.85 

10 00 


(IH.OO) 

(19.70) 

(17.30) 

(18 30) 

(18.30) 

TV 2 

(i,2() 

0.50 

7.70 

7,85 

8.(>5 


(14.30) 

(1 1.00) 

(1.5.70) 

(15 30) 

(17.30) 

TV 3 

10.20 

11.05 

13 00 

15.15 

1(>.85 


(20.00) 

(21.70) 

(22.30) 

(21.00) 

(22 30) 

TV 4 

S.OO 

(i.50 

8.00 

8 80 

8.05 


(15.00) 

(10.00) 

(15,70) 

(17.00) 

(I7..30) 

TVS 

10.70 

11.80 

15.00 

15.85 

17.00 


(20.30) 

(19.00) 

(20.3(») 

120.70) 

(19.70) 


Fecundity and duration of life-cycle of red spider : 

Oligonychus coffeae (Ni(‘tncr) in relation to leaf age and 
leaf postures: Throe clones were selected to represent 
different leaf postures : TVl {’or erect, TV3 for hori- 
zontal, and TV20 for droopy leaves. One shoot with 5 
leaves from the lop represents one r(‘f)lication and there 
were five replications for each clone : the number of 


leaves for each eloru* was therefore 25. To sludy 
lecundity one freshly enuTged adult female red spider 
was introduced to ('ach leaf 


Table 6.2. 

Mfiiti ovif 

isition period of red sfiider 
of different lype.s of 

on 'eaves of different ages 
clones 



Viran t)vi[;)()sicion |XTit 

)d ill days 


( lit UK'S 

1st !< af 

‘2n<l leaf 3rd leaf 

■lOi leaf 

5th Iraf 

rv I 

l\’ 3 

rv 20 

7.10 

0.40 

().00 

0.10 9.H) 

(..00 7.20 

(i.OO 7.40 

10.00 

8 . (iO 
8.80 

9.80 

8.20 

8. H) 

Ke.su Its 

(Us. (). 

1 ) sliow that maximum e 

ggs were 

laid on clones with (T(‘cI It'aves (T’Vlj 

, follow('d by both 

horizon tal 

(•rv;?) 

and droopy leaf 

(TV20) 

Jn all 


cases mor(' ei^^s were laid on 3rd, 4th and 5th leaves 
and oviposition p(‘riod was slightly h)n^er on 4th and 5tli 
leav(‘s than on other leave s ( fable (>.2). 'The dilferencc 


ERECT 



APEX 

Fig. 6.1. Fecundity of red spider on leaves of different ages 

in oviposition period and total e.i^s^s laid by ri'd spider 
on these cloia s may be due to a eombint'd physical effect 
of variability in leaf posture a!ul their matty surfaces. 
No dilTcienec was noticed in the duration ol' develop- 
mental sia|uj(‘s in the h'aves of dillerent posture, the avc- 
rai^e. incnljaiion ])eriod was five days and duration from 
hatching to emerm*nec of achdt was 8 days. The.se 
are based on observations on 33-40 individuals. 

Distribution, abundance and succession of mites 
in relation to field management practices 

Red spider population in relation to longer 
pruning cycle ; Incidence of red spider was 
assessed during March 1976 to January 1977 
from 100 randomly selected leaves on tea under 
different pruning i.e. medium skiffed, vinpruned. 
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drcp skiffecl and top pruned. I’hc degree of 
infeslalion was in the order unpruned > medium skiffed 
>• deep skiffed > top pruned; the overall population 
of red spider p(T leaf being 6.40, 5.45, 2.49 and 0.18 
respectively. 44ns shows the inl(*n.sity of attack varied 
directly with lh(* amount ol foliage lelt on bushes alter 
pruning, thougli otfier factors may also be responsible. 

Susceptibility of Tocklai clones to red spider: 

At Horbhetta .assessment ol rtal s})id(‘r population on 
clones IVl to IVI9 during April to .\ov(anber was 
made by sampling 225 leaves eac h month from each 
clone. During this period I'Vl (0.32 mitc/leaf), I'V3 
(0.23 rnite/leal ) and 4’V7 (0.27 mite/leaf ) had more 
population than clomps 4"V16, 4'V17 and IA/19 (0.11/ 
leal in all cas(*s). Rest the clom*s occupied an int('r- 
niediate position (4'able 6.3). 4'he rea.sons for this 
variability are not clear though leaf characteristics might 
l>e a contributory factor. 

"Table 6*3. Overall fwpulalion of red spider on T ovUai tloties during April 
to Novemher JU7ti 

( ]|(»nr TV Average nunilxT of red spicier per leaf 


1 

0.32 

2 

0.17 

3 

0.23 

4 

0.16 

.5 

0.17 

(> 

0.14 

7 

0.27 

« 

0.16 

9 

0. It) 

to 

o.ia 

U 

0.1.3 

12 

0.13 

13 

0.14 

14 

0.12 

13 

0.13 

16 

0.11 

17 

O.ll 

1« 

0.18 

19 

0.11 


Susceptibility of experimental clones ( 

type) to red spider: Incidence of red spid 
the expeririK'ntal clf)nes 317/1, 317/2, 317/3, 
317/5, 317/6, 317/7 and 317/8 during Ju 

Deceml)cr is shown in liable 6.4. 

Table 6.4. Monthly population of red spider on experimental , 
{(hina !t’pe) 



Nui' 

iihrr ( 

)i’ red s 

piflt r pi' 

I- 40 1 

Icav 

rs i n 


Cloucs 










jlllK* 

.h'ly 

A,.g 

.Sc|)l ( 

:)( i r 

Vov 

1)« c 

I’nla! 

317/1 

3.3 

()2 

30 

38 

10 

10 

22 

207 

317/2 

11 

47 

25 

27 

15 

15 

33 

173 

317/3 

23 

52 

15 

35 

16 

30 

84 

255 

317/1 

25 

33 

13 

14 

28 

30 

12 

185 

3 1 7/3 

76 

:h 

24 

28 

21 

6 

19 

202 

317/6 

1 10 

33 

19 

18 

18 

19 

26 

252 

317/7 

37 

40 

59 

25 

9 

25 

29 

224 

317/8 

37 

29 

28 

25 

II 

7 

26 

163 

In general, 

317/ 

3 and 

317/6 

had 

a 

relat 

ively 

mile 

population 

than 

317/4 

and 

31 

7/8 n 

rider 

parabli 

e {'ondilion. 

Rest 

of the 1 

clone 

s 

were 

inter 


ate in so far red spider infestation was concermal. 
dilfereru e howcv(‘r was not lormally signiheant, t 
a monthly variation in numl)ers on different clora 
noticeable. Clauses for this variability will be si 
later as it could lead to a better selection of re: 
clones. 

Density of mite population in cold weatht 
young and mature tea : Population densities < 
spider, scarlet, pink and purple mites on younj 
mature tea during cold weather (November to Jan 
was sampled to find out the distribution pattern of i 
middle and lower zones of (he leaf canopy of fifty ' 
(five years) and fifty mature (fifteen years) bushes, 
each bush nine leaves, three each from the three 
were randomly sampled. 


Canopy zone 


Upprr 

Mkidlc 

Ix)wrr 


Table 6.5. Density of mite population iti vounj:> and mature tea durino dry months {^Pfovemher'J anuary') 


Mean mitr population per irat 



Young lea 




Mature 

tea 


Red spider 

.Scarlet mite Pink mile 

Purple mile 

K('d spidi'r 

Scarlet mile 

Pink mite 

Purple 11 

0.29 

0.02 

0 . It) 

3. 38 

0 . 82 

0 . ‘10 

3.15 

5.62 

0.71 

0. 19 

0.43 

4.01 

1.14 

0.30 

2.82 

4.72 

0.39 

0.42 

0.09 

1 59 

0.71 

0.59 

1.02 

2.70 


Ifuring cold period tnature lea had mtne population 
nf all four species of mites than young tea both /.onewise 
and on the bush as a whole (4'able 6.5). Retl spider 
population was at maximum in middle zoru* of both 
young and mature tea, but least upper zone ol young 
tea, and lower zone of mature lea. Density of scarlet 
mite w.as highest in lower zone of young and mature 
tea but least on upper zone of young tea, and middle 
xorie ol mature le.i. Pink mile was maximum t)n upper 
zone and least on lower zone in both young and mature 
tea. Purple mite population was maximum in middle 
zone ol young tea and upper zone of mature tea, but 


least in tlu‘ir lower zones. 4'hc difference in mite 
lation in different zones of young and mature le 
statistically significant (P<0.05). A practical i 
tanc(‘ of these findings is that for effective control o 
pests the lower zones of tlu* bushes hav(‘ to be acl 
tely spiayed. Otherwise they may serve as f 
future infestation. 

Effect of some insecticides on the predate 
red spider : A ref)licated randomized expci 
was carried out to find out whether 4'hiodan, Sum 
and Dursban have any toxic effect on the prcdal 
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red spider. Fortnighdy observations were made during 
April to December on the incidence of red spider and 
its predators on 100 leaves from each treatment. The 
predators were virtually absent in all thi^ treatments 
including control though there had been sullicienl popu- 
lation of red spider in all the treatments: only insignih- 
cant predator population was noticed between mid- 
April and early May. I'his situation precludes any 
gen(‘ralization on the toxic eirects of insecticides on the 
predators of red spider. 


Acaricidal spray and yield: l^stimation of possi- 
ble loss in yield due to red spider was assessed. A plot 
oi Assam type of bushes was sprayed witli Kelthah<‘ 
1H.5 FC’ at ().2!l"/o concentration in May 1976 while 
a comparal)le plot was kept unsprayed. One week 
after spraying yield (in tt'rrns ol' green leaf) from these 
two plots was recorded every week till early December. 

At the end of the year a 22‘)o increase in yield in the 
treated plot was obtained (Fig. 6.2) (Fable 6.6). 


Table 6.6. ) ield in acaricidal treated and untreated /dots 

Yield (green leal) p< r l)u^ll in gram in 


1 rratrncnls 

May 

j u nt* 

.luly 

TrraUtl with Kelthane 


224 

199 

IJnliralfd 

3!) 

194 

I4H 


Bushes with red spider under control gave continuously 
more* yield than imtreatcxl bushes right up to Septcanber. 
After this, the yield difference between the plots was 
not highly significant. 



Fig. 6.2. Yield of tea from Ke!thane treated and untreated plots 

Effect of spraying zinc and the incidence of 
mites : This investigation was taken up in early 1976 
to find out if spraying of zinc sulphate will influence 
rnite multiplication. Bushes under comparable condi- 
tions (i.c. jat, age and agricultural practices) at Bor- 


Auu. 

.‘Scpl. 

()< t. 

N..V. 

Drr. 

lolal 

22(i 

214 

202 

42 

9 

1205 

177 

190 

200 

35 

(i 

9»5 


bh(‘tta were taken up with one set treated with zinc sul- 
phate (a 24 kg/ha in four rounds, while the other was 
kept untr(‘ated. 

'I'he results are presented graphically in figure 6.3. 
From May onward there was a natural decline in mil(‘ 
population in both the treated and untreated plots. Ins- 
pile of this the populations of pink and purple mites 
were high between April and July in zinc treated plots; 
Init no significant difference was noticeable in mite 
populations between August and March except in Febru- 
ary when a rise in mile population in treated plots was 
noticeable. 

Red spider population declined following an acarici- 
dal spray in April in both treated and untreated plots : 
from July onward th(‘ population slightly increased in 
zinc treated plots. 

Scarlet mile poi)ulation increased from June but 
declined in October though there was an overall trend 
of more md;' population in the zinc treated plots. 

Shot hole borer 

Shot hole borer {Xyleborus fonmalus Idch.) infestation 
was noticed in some estates in Mariani circle. Assess- 
ment shows that the incidence in general was low. Preli- 
minary studies on its life-history in the laboratory show 
that the beetle completes its entire life cycle within the 
f>ranches. 'I’he egg, larval and pupal stages were 7, 
16 and 9 da)s respectively in May. 

Field observations show this insect damages old t('a in 
particular. Infested pockets were treated with foin 
rounds of Ididosulfan 35 ECl (1 :200) from May onwards 
after drastic pruning. This treatment reduced the 
intensity of fresh attack to a level of 4%. Observations 
on the biology of the beetle will continue. 
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MONTHS 



MONTHS 

Fig. 6 3 Variation in population drn»lty 

Scale insect 

Biological studios on rod soah’, Aonidtr^a aurantii (Mas- 
Vetalaspis serrulata (ianguli and l\rrlatori(i proteus 
(C.'urits) have boon inado in the lal):)raiory. 

Aonidiella auranlii (Maskoll) causes severe damage to 
the V. P. cuttings and young plants and sometimes ev('n 
mature tea. I lie f('mal(' s('al(' does not lay any eggs, 
but produces larvae dinxtiy. Ihe life-cycle of the 
female larvae is comf)leted in 32 days in April, 30 days 
in May and 26 days in Jum' while in case of mal<‘ the 
corresponding periods are 32 days, 2H days and 28 days 
respectively. 

Velataspis serrulata (janguli also causes sev(‘re damage 
to V.P. cuttings and young tea but rarely mature tea. 
Aggregations of the scales remain fixed to both stems 
and leaves. 1 he female scale lays eggs inside th<* scale 
cover. The young larvae hatch out in 16 days in No- 
vember, and 23 days in February-Mareh. Life cycle 
of female is completed in 38 days and that of male in 
81 days in November- January. 

Parlatoria proteus (Clurtis) mostly infests the leaves 
of V.P. cuttings and young tea. 4’he female scale is 
oviparous. 'Fhe young larvae hatch out in 18 days in 
November. Ihe total duration of immature stages is 
30 and 40 days for females and males respectively. 
Darjeeling black hairy caterpillar 
Euproctis latifascia Walk. Commonly known as Dar- 
jeeling black hairy caterpillar causes damage to young 
tea. Cuttings and seedlings are sometimes completely 
defoliated in beds or sleeves. It may also damage ma- 
ture tea. 


Tocklai Experimental Sta 


8 , 



MONTHS 

of mites due to zinc sulphate application 

Studies on di(‘ life-cycle and development of 
pc'st have l)een made'. I'^ggs laid in clusic'rs are covr 
with bulf coloured hairs, lyggs hatch in 12 days; 
caterpillar undergoc's six moulls before* dc'veloping i 
pupa. The toial duration of life cycle (egg to ad 
was 86 days at 26.9 'C witli 74.8‘’4 RIF 

Nematode 

Population levels of Aleloidogyne ivcoonita in s 

and its effect on pathogenicity on tea seedlint 

'I’ea .seddlings raised in st(‘am sterilised sandy loam 
in st('rilised earthen pots were inoculated with sec( 
instar larvae* of M. incognita. These larvae w('r(* isola 
from single egg mass culture on (*gg plants rnaintaii 
in the greenhouse. The four levels of inoculum w 
2, 4, 6 and 8 larvat! pc'r 10 g soil. I'Lach inocidum le 
has ten r(*f)lieates with one seedling in each pot. 

73 days later tlu! plants were uprooted, washed cl 
ned and the root system was scored for (1) total nu 
her of galls, (2) total number of egg masses and \ 
degree of infestation. 


Table 6.7. mifct of dijjerenl inoculum levels of M . incognita on 
pathogenicity on tea seedling 


RfFrct On plants 

Inornlnni lov^l 

Mean of 10 repliealf 

‘S 

Total galls 
per seedling 

lotal egg mass 
per seedling 

Degree ol 
infestation 

2 larvae/ 10 g soil 

6.9 

r».i 

0.50 

4 larvae/ 10 o; soil 

7.8 

5. .8 

0.50 

f) larvae/ 10 g soil 

0.0 

7.ri 

0.72 

0 larvae/ 1 0 g soil 

lO./) 

11.7 

1 .40 
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Results (’rable 6.7) show that even at low inocuhim 
of 2 larvae/1 0 g soil the .seedlings sustain infestation. In 
view of this finding the threshold level for nematode 
damage is being rewiewed. 

Effect of temperature on hatching of the eggs 

of M : I'.qual number of I'reshly laid egg 

masses of /\/. incoi^nila in glass blocks \wvyv kept in ther- 
mostats at 0' ( ! and 14X^ for 10 days. 


Table 6.8. I'Urd vj (hatif'c in ttwpnuliiTe m hnhl;m» of Mdoiilooyne 
incitvjiHu fvjn (I* i'j,L:rcs :ur nu\in <1! (ivt* i(p!:<'atioi:s) 


Initial Inn- 

Days 

IVrrcnlatJr IVinjMTa- 

Days 

i*ci ( < nlagc 

jXTatun* 


ol hatch- 

turc raised 


of hal( hing 



ing 

to 



O'C 

0 10 

0 

30 

10-20 

<M . 33 

Moc; 

0 10 

0 

30 

10-20 

07.. 30 


Results ('fiable 6.8) show that neither at O ’d nor 1 
elid the eggs hatch. When how(‘V(‘r the ttanperatuie 
^vas raised to 3()"( \ which is o|)timuin for hatching, more 
than OO'fi) eggs hatch(‘d within ten days. 

Records of new host for root knot : 1 he weeds 

recorded as new hosts of root knot aix' listed in table 
6.9. 


Table 6.9. 

,.V(f7e /io.\ls of Mel(>ido!>yne imo'^nila 

Name ol the host 

l-'aniily 

( lonnnon 

1 )cgi cc ol 



Assairnsc 

attack 



nanu* 


1. rotyii^ununi ferja- 

Polyi^oncae cac 

8agh asora 

Mild 

liatum l.inn. 

2. Solanum indiewn 

1 ,inn. 

3. /)/ yniat id fordata 

Solan.ac cac 

Tita hhckooii 

Model .'il<* 

Uilld 

( ’.aryopliN'lla- 

l.ai jaliofi 

MiKlcralc 


ccac 



4. Ihas.sii ii sp. 

3. Juip/iforiuin 

C li'iK i ferae- 


Mild 

adorn t inn Linn. 

CoiTipe)sita(‘ 

f hi tnati fiabi 

Mild 


Laboratory trial of pathogenicity of two ecto- 
parasitic nematodes on tea seedlings : l ea seed- 
lings raised in steam sterilised sandy loam .soil were 
inoculated with ectoparasitic Helicolylcnchus sp. and 
Rotylciichidiis sp. d’he level of inoculation was .aOO nema- 
todes per seedling with ten replications for each species. 
Another set of 20 pots with only sterilised soil were also 
inoculated with the two species of nematodes. A set 
of 10 pots with tea seedlings growings were kept as con- 
trol i.e. without any nematodes inoculated into the soil. 

7.3 days later th(‘ soils Irom inoculated and control 
series were processed lor nematodes. The j)lants were 
measured for their height, weight, and their root systems 
were examined for pre.sence of any nematode inside the 
root-tissues. 

Results show none of the two species cause any material 
diirerence in the height and weight of the plants ino- 
culated with them (Table 6.10). 


Table 6.10. Kfjert of two edoparasitic hrma'odes on the growth of 



lea seealiriifs 



Iruiciilatrel scrie.s 

Non-incK'ulatt‘tl series 

T'rcalnicnl 

Soil and plant 

Soil anel plant 

Nrinalodcs 

Plant (irecn 

iH-luht vvt. 

Plant < ireen 

he*ii^ht wr. 


(.s) 

(cm) (g) 

I tfliiotYUm hu.s sp. 

22.37 3.87 

21,07 3.76 

liotylanchtdus sp. 

21.87 3.82 

21.00 3.7b 


Screening and Evaluation of Pesticides 

Toxirolo^icnl studies in lahoraUry 

dV)xicoIogical studies with X-factf)r, a chlorinated 
hydrocarbon, were* conducted using cockchafer grub.s 
{idiyl/ophaoa (llololruhia) seUicnlis). I’lie insecticidal 
solution at 1 part in 300 parts of water by volume wa.s 
appli(‘d in two differe nt methods. Idrst, the* insecticidr 
was a[)plied to the surface soil in a woexlen box in which 
(he* grubs v\e*r{' reh'ase'd prior to application of the insec- 
ticide*. In the second method the grubs wen* introduced 
after the* soil was treatexl with the chemical. d\vo ob- 
servations, one* wee k and lour we'eks after the aj)plica- 
tionol the* insc'c ticieh*, wc'rc’ taken. By tlie first method a 
90'\, mortality ol tlu* grubs was achi(*ve*el and by the 
s eond me thod 9")*',) mortality was rc’corded. (!lcarly 
the* X-faclor when applied bc'forc' or after infestation 
with cockchafer grubs is (juite* (‘Ife'ctive in controlling 
the pe*st. 


Pesticide evaluation under field conditions : 

firophylae lic af)j)lie'alion with Asakel, Asaethion, fhhion, 
Kilthane and a standard acaricide was made* against 
reel spider {Oli^onycfms cojjeae). All acaricid(‘s were 
testexl at 1.2.3 1 /ha. 'These acarieides ('Tal)le 6.11) 
were e cjuitoxie anel the residual elfe'Ct lastc'd for about 
a nv'Uih. 


Tabic G.ll. t iomharative i fjicnry of dijjercnt Dii ofoJ and Kthion 
I' ! oiiilalioti.\ used fnofdiyla' tiratty ((t] 1.23 1/ha O'-nifist red spider 

I nxir Ohservation after 1 nionlh 



( Concentration 

M«*an popnla- 

Perci nlagr re- 

'J'le'alincnts 

% (a.i.) 

lion on 30 

duct ion over 



lea\es 

prc-treatincnt 

count 

Asakel 18.3 L 

0. IK) 

1 t . 30 

72.08 

Asaethion 30 I 7 

0.313 

24.30 

7(i.44 

Klhion .30 E 

0.313 

4.73 

71.81 

Kilthane 18.3 K 

0.1 lb 

41.73 

72.0b 

Kthion .30 1* 

0.313 

.34.23 

80.01 

(Sianda'-d) 




I. east sif'nilieant 
dilfen'nc e at 


53.53 



P ^ 0.0.3 


Asateel, Tetradifon, Asaethion, Ethion, Asakel and 
Tedion V-18 (as standard) when testexl again.st red 
spider at 1 in 200 parts of water with mist blower showed 
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a sii^nificant promise and is in no way inferior to 1.25 
1/ha. All th(‘ chemicals were equally clfective in con- 
trolling red spider ( Table 6.12). 

Table 6.12. MnUnlily of red \pider with variom amriddes s(mnrd at a 
dilution of 1 

Datr <»l' spraying.' I().:i.77 

E«liiipinrnl : Mi.sC blown power .spra><T 

Observation alUT 1 month 


Treatnirnrs 

M<xin population 
|)rr leaf 

*5', reduction 
over control 

Asatrd dirt 

0.00 

100.0 

'1 elradiibn 

2 . 00 

oa.tU) 

Asiiethioii 

10.00 

91.31 

Ethion 

27.67 

84.25 

Asakel 

36.33 

79.32 

'rrrlion V’-IM 

15.00 

91 .16 

C!<in(r<)l (onUratixl) 

175.67 


I, east significant 
ditferencr at 1^ 0.05 

42.89 



Toxicological studies with Jassids 

Field (‘xperiments with l'’.kalux, Anthio, Zolone 
vacron and F^thion all at a dilution of 1 in 200 p? 
water and a standard Imdosulfan formulation at 
200 and I in 266 were conducted against Jassids ( 
asca flnrescens Fabr.). Ordinary f)ower sprayet 
used, 'Flic (diemicals were equitoxic and gave 
control of Jassids: the mortality was in the range 
to loo*’,, over the untreated control series two 
after application ('Table 6.13). 

Trials for Thrips control 

'The insecticides and dilutions ap[)lied in Jassid c( 
were used to establish their ellicacies against / 
thrips {Scrirnthrips dorsalis Hood). Observation 
two weeks showed that Fkalnx, .Anthio, Nuva 
l'..thion and Fndosnifan, all at 1 in 200 pcirts gav^c 
nxlnction of thrips over control. Performance of 1 


Table 6.13. 


Comparative efiicaev of different insertiddes nvjtinsl Jassids and f foips two ureks after application {Mean of three replications) 





ja.ssids 

Thrips 


1 oxic 



. _ _ 

‘Treatments 

< (»n< (Titration 

Pojnilation 

ivdnctitm 

Population *5, reduction 


% (a.i.) 

per 10 leave 

s 

per 10 leaves 

EndosuHati !>5 V 

0.175 

3 . 33 

93 . Ofi 

lT(i7 f{7.8t 

Endosiillan 35 1- 

0.131 

6.00 

87.50 

23. ()7 75 '■’<) 

Ekalux 25 E 

0. 125 

0.00 

101). 00 

0.33 99.65 

Anthio 25 hi 

0.125 

0.00 

100.00 

2.()7 97.21 

ZoloiK' 35 I'Xj 

0. 175 

4.00 

‘)1 .67 

20.33 78.75 

Nuvacion tO 1'. 

0.150 

0..33 

99.31 

0.f»7 99.30 

( Control 


48.00 


<)5.67 

Least significant 

dilferent at 

8.82 


11.71 

P 0.05 



• 


sulfan at 0.75 1 

in 200 litres was somewhat at vari- 

was 200 1 /ha which 

gav(‘ diflerent toxic levels. 'Te 

ance with otluu* 

treatments though better than control 

a newly d('velo]:)ed 

chemical, was also tric'd along 

('Table 6.13). 



the lhr<T‘ inseclieidc 

s at th(‘ rate of 4 gins jjcr litrt'. 




servalion alter a fortnight showed (dablcG.H) th 

Another stuies ol'ccjutrol trial against Darje 

cling thrips 

all the toxic levt'Is 

I^kalux, Anthio, Dinsban and T 


{1 aeniolhrips seliventris Hagnall) was conducted in Dar- 
jeeling with I'.kalux, Anthio, Dursban and laidosullan 
each at 1.25, TOO and 0.75 1 /ha, and Dursban at TOO, 
1.25, 3.00 l/f>a: in all cases the amount of water used 


.X , , 1 1 ^ I ✓ LI : clilll 

sulfan (('xcept at 0.75 1/ha) were e(]ualK’ ('fleclivc. 
tone gave a l(\ss('r mortality, though it is possibh' 
with a higher quantum of active ingnclicnil it wil g 
better control. 


'rr<"aimrnt-4 


Ekahix 25 K 
Kkalu.x 25 E 
Ekahix ’if) E 
Anttiio 25 1'^ 
y\nthi(» 25 1'^ 

Anthio 25 E 
Durstoan 200 E 
Durst^an 200 Is 
Dursban 200 E 
Emdosultan 35 1’. 

( Thiodan) 

EmdosuHan 35 !•’. ( I hitHlan) 
EaidosuHan 35 E ( rhiodan) 
'IVtonr 25 \VI* 

(Control (nnfrratrd) 

L<*ast sfipiifirant difference at 
P 0.05 


Table 6.14. (.(inpar/tire tf/icaev of difj<rtrit in^cctidde.\ av.(’'rist 'Ilaips- 


Toxic 
crntraliou 
% (a.i.) 

1 

Liviin* Thrips/2.5 shoots allei' 

w('<'k 

2 weeks 


Living thrips 

Reduction (”„) 

Livini^ thrips 

Kcdncii );i ( 

0.09 t 

2.<i7 

92 . 22 

3 . 00 

9 ) 08 

0. T2 5 

2.00 

9 i . 17 

3 . 70 

95 17 

0. 1.5(i 

2.()7 

92 . 22 

3.33 

95 (i7 

0.091 

(i.OO 

82 . 52 

2 33 

96.96 

0. 125 

2.67 

92 . 22 

2 . 00 

97.39 

0. 1.5(» 

2 . 33 

93. 2 1 

1 . 00 

9ft (i9 

0. 100 

3.33 

90.30 

2.67 

9( i . 5 1 

0. T2 5 

2.67 

92.22 

2 . (i7 

9(i . 5 1 

0.300 

1 .00 

97.09 

0 ()7 

99. 12 

0.131 

11.67 

66.01 

9.00 

88.2(> 

0. 175 

9.67 

71 .83 

7.67 

89.99 

0.219 

8.67 

74.74 

4.33 

91 . 35 

O.KM) 

4.33 

87.39 

32.33 

57.83 



34.33 

- - 

76 . ()7 



7. 61 


7.42 



Annual Scikni ifig Rkport For 1976-77 


45 


Control of Scale insects 

Against scale! insects [Eriochitoji theae ()r(*cn) in Darjeeling 
seven coinnuacial ronnulations of Malatliion 50 F('. 
and Diazinorj 20 1X1 were tesU'd at 1.25 1 in 200 1 of 
water, d liis gave' toxic level of 0.5 15';,, and 0.1255;, for 
Malatliion and Dia/.inon resjx'ctively. /Assessment 2 weeks 
alter spraying shower! that tlu'sc' concc'ntrations were 
c!(jnitoxic and the perc('ntag(‘ reduction of scale insect 
po[)nlalion over the control was in the re'gion of OlV*,,- 
99';,). 1 he reason for' the variability may be thi* dilfe- 

rential mortality nsponse of the diOeK'nt instars r)l the 
scale in th(' population. 

Trial against looper 

Nine comnu'icial linrnniations »>f Fndosnllan 55 F( 1 
wer'e t('st<'d at 1.25 1 in 200 1 wat('r/lia (t).21!!‘5, a.i.) 
against Looper catei [)illars [Buzura {Bislon) suppressat ia) . 
All were ecjni toxic in controlling r'arly looper caterpillars. 

In another series, four different Fndosnllan fortmila- 
tions, Fraiitox, Iskalnx and Anthio were' t('st('d at a simi- 
lar rat(‘ as above*. All I'ndosulfan formulations, In riitox 
and Fkalux gave' over 90"/„ mortality in a week's tiim*. 
Arrthio was sornc'what slowr'r in action and gave* :i tnoi'- 
lality of 70";, over the control orte week afU'r a jjplication. 

Termite control 

'J’rials were condnctc'd in ( lachar for' the* (ontrol of live- 
wood-eating termite [Microcerntermes sp.) using Dursban 


20 F and X-faetor, botli at 10 1 and 15 1 /ha, and Isndo- 
snllan anil Nuvai i’on at 10 1 /ha were' used. Assessme'nt 
shows, even after one' year thi* maximum reductie)n in 
(he degi’ee of infestation over the imtre-ateil eerntre)! was 
65"„ in X-factor treated plots. I’urthe'r work is in 
progress. 

Studies on Pesticide residue tolerance 

Sample-i of rnanufacturi'd and sun-dried tea treateel 
with Orrrite* 57 1'., N'lrvacron anel (lalixin have been 
pr‘oce's.sed leer' I'esidue' analysis. Results are' awaited. 

Pesticide Certification 

25 ( le'i tificates ol“ approval we'r e issued te) varieeus Ibr nui- 
lations of plant pmteetion chemicals. 22 ( katificales 
were' re'valielalf'ei afU'r bioassay stuelie-s, Agr'eernents 
we re made' for formal te sting of 10 formulations e)f*var ions 
pesticides. 

Advisory services 

Soil sample s anel pi!sl elarnage'el mate rials were* e'xarniru'd 
and re'ports we re' e'e)mnnmicate'el le) the* estates. Out 
of* 1500 .soil sample's abe)ut 11",, we-re* ferund unsuitable 
be'.cause' e)l high e'elwe)rm jjopulation. 

Quality control of pesticides 

(brality centre)! slrrdies e)n different Ibrmulatierns of 59 
aearicidi's and 7 in.secticide's rce'ive'd from a nrrrnher of‘ 
le'a estate's we're' made and i'i'pe)r'teel. 





Durifii^ the year 7.976-77 three new reccrds at pat hn genic Junifi 
one fungus growing on ncnialnde eggs ami fJiree new re- 
cords of soil fungi are established. Use of lower doses of fungi- 
cides in disease control and successful contiol of piirnary root 
rots in the four year trials have also been investigated. 


New finds 

Annillaria mellea a fhsi k'llini^ [primary lo:)! rof dise- 
ase (.lusinir e\tensiv(' damaire in South India atnl Al'rica 
has I)een found t(j (•ans(‘ (“Ktensive deaths in Sikkim Irorri 
\vh(‘re it w.ts eolleeual and identified. 'This ap|)ears 
to be the first r('e( rd o‘ its oe< nrrencc' in tea in north 
east India. 

Recently it was found to infect and kill an ornamen- 
tal tree Dornbeya sj). (St('rcnliaceaej in I'oeklai campus. 

(. jonlirmatory tests of its s[)(‘cit\s diagnosis iire in j^ro- 
grc.ss. 'This fhislu's a danger signal (wam I'or the tea in 
the [dains, which must be watchetl very carcdiilly. I'he 
cardinal symptoms arc bootlace like mycelium on the 
bark, a split in tlu' ('ollar region hlhal with white my- 
C('lia, .and black lines in the wood. 

Poria hypolaterilia a tuimary root rot discaase com- 
monly known as red root rot is rather rare in N.f!, 
India, ft was found to kill a large number of bushes 
on a cou[)le of gaiahms in (iolaghat circh*. 

Rosellinia arcuuta a |)rimary root rot disease known 
to cause black root lot in Darjeeling area (lare 
in the plains ), (aused (onsiderable damage on a 
couple of gardens in Upper Assam. 

Anthracolhecium manipurensis an aseolichen was collec- 
ted and diagnos(’d from Darjt'cling area on tea 
Inanches. It is not dear whetlier the lichen caused 
the die-back or its oca urrence was a mere coincidence. 
Jbirther studies are required to establish its pathogeni- 
city. I'his appears to be the first record on te i. 

Veritcillium catenulalum : a fungus was found occurr- 
ing for th(! first time on nematoch' eggs. 

Sod fungi : The* following new rca/ords have been 
added to the list of soil limgi li om N.ls. India. 

Aspergillus res t rictus 
A lyrotheciurn leiieolrichurn 
Vert ml Hum chlamydosporium 

RED RUS r 

Three experiments were laid out to study real rust con- 
trol on gardens around Tocklai, in one of which screen- 
ing of fungicides was undertaken to find out alternate, 
more economic and efficient fungicides than copper 
formulation. In the other two experimenLs various 
<lilutions/doscs of copj)cr fungicides were studied using 


both hand operated and power sprayers to study 
efficiency ol application and the role of dilution ii 
control of red rust. 

a) Screening of fungicides ; Seven fungii 
including the conventional copper oxychloride (BIi 
were sprayed on susceptible clone TV 1 plantcal du 
1969-70 in slaggt'red double hedge- using hand ope r 
sprayers. The area had iK-gligible shade, the dt 
were dug and the- tea was having uniform infectio 
the dis('ase. f>ach treatme-nt consisted (^f four is 
cates aiul each replicate h.ad 50 bushes, untreat(-d bl 
served as control, d’hc first round of spray was impi 
on the l.'ith May 1976 after observing the sporan 
dev(‘l()j)ment and the last round was sprayed on 2 
July 1976. The weather-, on all the days of spia' 
re-rnained fair, 'fhe disease ine-idr-nce was re-coi 
on 1st June 1977 to noter the build u[) of disease. 

K(‘sults arc given in J'ablc 7.1. inli-ction i 
denc(' or degir-e of infection per bush is ('stiniatt*d on 
n< rmal 0-1 point scoir-. 


Table 7,1 . I'llfeJ of (Jiio/iotligrageutniits on ihg red rust i OnOol 
[dvnngt. of 200 hushes) 


I'lintpridc 

1 )ihil ion 

Konruls* 

Intcclion/ 

hush 

“oreduc 

lion 

l’’imt(ikill 

(Ik J). Kliailan) 

I : ()()() 

4 

O.fC 

70.67 

'fan •rat' ho] 

(y(‘^dVn) 

1: l>()() 

4 

0.54 

80.02 

( >rr oxychloride 
(dcntral insrc- 
(i< idc.s) 

1: f)00 

4 

0.5<i 

80.21 

Kocidc (dnpric 
hydroxide) 

1 : f)()0 

4 

0.55 

80.57 

Kila/inc 

1 : 1000 

4 

2.51 

18.57 

Hlilox 

1 :1000 

(i 

0.50 

82.55 

Hlilox 

1 : ()00 

4 

0 . to 

82. (.0 

IVtonc 

Cl«>ntrol(nnspraycd) 

1 : ()00 

4 

:M7 

2.85 

25.52 

Cl) at p 0. 

05 


0 . 50 

22 50 



*Iii red msl wlicu 1 lournfs were ^iven, ihc first 2 rounds wrrr ap 
r<l at (m and tin* trrnaininijj 2 at niotuldy inltuvals. 

< aso oft) rounds, applications were at fortnii'htly intrrvi 

All the formulations of the dilutions used sigr 
cantly contiolh'd the disea.st! with the excc[)tlon of l et 
and Kita/.in(‘. Amongst the successful forrnulati 
tlur highest percentage of reduction in disease, as c( 
pared to the uns[)rayed, taking the infection rate 
the unsprayed as 100, was given by Blitox when spra 
in 4 romuls at 1:600 dilution or 6 rounds at l:li 
dilution. All the other fungicides that gave con 
were copper formulations. 

b) Protective action of copper fungicides : 1 

exj)eriment w-as aimed at ev.aluating the proteci 
action of copper fungicides when applied follow 
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previous cold weather prunlnir. 'Fhe tea was a stand 
ol Tiiixed clones, planted in 1969 at 120 X 90 cm dis- 
tanc(‘. 1 li(‘ tea was heavily infected (|H('-assessinent 
inreclion rate was about 3.5) and was in a poor state, 
soil snrlace was uneven and the shade was j)ractically 
absent. 'Fliis expet iuK'nt was slat ted iti I97.a and conti- 
nued in 1976. I'irst round oC spray in l!)76 was iin- 
]X)S('d on 20th May. 9\v(^ blocks were separately s|)ra- 
yed; one with hand operated sprayers and the other 
with j)o\v(T s))rayers. luuii»icide list'd was Blitox at 
difierent dilution/doses. I'.acli treatment was repli- 
cated four limes and each replitatt' carrit'd 25 bushes. 
'1 lie results art' give n in table 7.2 and 7.5 as avt'ragt! 
o\'er 100 bushes. 

Tabic 7 t oj rof>f>n- Junviddf cf.fdiialinn hy hi.tul sf.myn.s in 
(iil'nnil dilidious on tin- red rust in lection 


I>l:l(ix 

Rounds 

lnr( ( lion/ 


dilution 


bush 

tc (lu( lion 

1 :4()l) 

1 

1:18 

()4.(.0 

1 :(id() 

t 

1 ;!)b 

52.41 

1 d'.OO 

•1 

1:71 

-K.. 10 

1 ; 1000 

4 

2 . 00 

48. 1(. 

1:1000 

() 

1.41 

.59.t.0 

I5is])ray('d 

control 

4.25 


Cl) at |) ().(),'■) 

0.44 


(A'*', 


1 1 .0 



( Control achieved by spraying 1 :1000 in six rounds 
\vas similar to that obtained by 1 ;400 in lour routids 
and the dillerenct' was not statistically sigtiilicant. 


Table 7.3. h'JIcct of copper funinddc applied in different doses with a 
fioit'er sprayer on control of ted rust {aierajte of 1 00 hushes) 


Blilox dosc/lia 

Rounds 

Inha'i ion/busti 

5, IrtliMt'ori 

2.5 k(v 

4 

\ .07 

()9.(,9 

1 .875 k^ 

4 

1 . 10 

(.7.11 

1.24 kg 

4 

1 .(.2 

51.11 

0.(i25 kg 

4 

2.10 

48.81 

0.(i25 kg 

6 

! . 41 

(.2.01 

(lonli’ol (unspiayc 

d) 

4 54 


Cl) at p 

0.05 

0.20 


E\'"o 


9.4 


( 5mtrol of 

red rust 

with 0.625 kg/ha 

copper fungi 


cide in six rounds with [xiwcr sprayer was as eirective 


as that olitaincd with 4 s[)rays ol 2.5 kg ha coppt'r lungi- 
cid(‘ which was j^reviously recommended. 


Iwo experiments with ten treatments were designed 
to lest th(‘ efficacy of different fVingicides while the third 
was iiK'ant to check the effecli\ (' ih'ss recordc'd in 1975-76 
with difierent dilutions of a Standard copper fungicide. 

Experiment 1. Screening of fungicides : 'The first 
experiment was carric'd out in a garthai near litabar 
when- mature tea bushes were found to carry modc'rate 
to se\ (Tc' infei tion by the disease. I hi' ti'a was planted 
at 150,:4)0 (in where ten treatments including the 
uiKreatc'd coulrol wi re randomi/ed in three replicatiorrs, 
('aeli jdot eonsisling of 4() plants. 4\vo apj^licat ions 
wen' made at I’orl nightly interval using hand oiierated 
Hakp<ik spia\cis. 1 hi' lirst round was ap|)liecl on 21.st 
May on observing the active' growth of the causal (or- 
ganism, and the second on 1th June 1976. 4’he plots 
wi'i'c separated loy guard lines. ( Ib.scrvation on (he 
degree of (level()[)mcnt of the dise'ase was made on 
22.7.76 and tlu* results an* represented in 'J’alole 7.4. 


Tabic 7.-4, I' fled of /unt’icides on fhe control of lilack rot {ainartr of 
JJd hushes). 


I'l'icjic i(I<: 

Dilution 

Ronnds 

Inlcction/ 





l.u.sh 

I cduclion 

t'liiiipkill 

1 ; (.1)0 

> 


(.7.24 

'! . 111)1 .igltol 

1: (.00 

2 

0.41 

(.4.00 

( Xpi.cr owe 

hlo- 1: OOO 

2 

0.48 

(.7.24 

1 id-'(t Vniral 





1 iiscci icidfs) 





Kila/inc 

I :1000 

2 

0.78 

42 . 7(. 

MBC 

1: (.00 

2 

0.()4 

•15. 09 

' iVu )))<• 

1: 1.00 

‘> 

0.78 

42 . 7t) 

( ’.alixin 

200 n.l/ha 

2 

0.(.7 

12.24 

Lnivck 

1 : (.00 

2 

0.9!) 

14.00 

I’lllox 

1: (.00 

2 

0.44 

70.09 

( k.nliol 


— 

l.Ki 


cn at 

p 0.05 


0.42 


(A<*,> 



2«.4(> 

- — . 

Blitox 

when applied in two 

forlniglillv 

r. .nnds at 

1 :(.()(1 ollei 

’(■(1 tlu' best 

prot('(‘li()n (70.69'V 

,) followed 

l)v cupper 

('xychlorivlf' 

{(>7.24% 

), fnngikill 

((.7.21%) 

and 'IV run 

igh(4 (()! . 66* 

All 

these four 

are copper 

loimul at io: 

:S. Le.tst [)rote( tion 

was giv(ui 

by Lorvek 


( 11 . 66 * 5 ). 

Ili(' ri'sults iiidicatc tliat only copper fungieides 
ga\e apja ('ciabh' control. 


4’hc best overall control obtained in this (Wfoeri- 
ment (b) was 7()"g; lower than that achieved in exjoeri- 
incnt (a) (83%). This may be attrilmtc’d to the bush 
health and severe infection which was not properly 
treatc'd prior to 1975. THIS FMPIIASI/I',S d’HF 
1 \(n 1 HAT TIIF HUSH HEALTH IS AS IMPOR- 
TANT AS I Hh: CHEMOTHERAPY IN THi: ICFFl- 
CdEN'P CONTROL OF RED RUST. 

BLACK ROT 

During 1976-77 thieve field experiments were carried 
out on commercial estates to study black rot control. 


Experiment 2 riu' same tn-atments wt're rc'peatcd 
on another gard(*n where the disc^ase infection Wiis found 
to be higher than observa cl in the area where the prexx'd- 
ing trial was locatcxl. I'he bu.shes were spaced 150x60 
cm and were younger (11 yc'ars old). Plots were how- 
ever smallcT in si/e consisting of 20 bushes each. There 
w(‘re three n'plicates. 44ie first application was made 
on 24.5.76 and the second round could be applied 
after three wec'ks on 14.6.76 because of incessant rain 
during the intervening period. Observation on the 
degree of incidence ol the di.seasc (average! of 60 bushe.s) 
is given in Tabic 7.5. 
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Table 7.5. liffrit 0 / fwiqicidrx on the control of lilu'k fot. 


Fungicide 

Dilution 

R til l ruts 

Iiitection. 

'*b 




hiisli 

red»i( (iou 

I'nnt'ikill 

1; l)Ud 

2 

0.40 

71. 14 

’I'arii ai 4 ,ln)l 

1 : (idU 

2 

Of! 

()'). 71 

C.'op|.'-r nxycMo 

1; t)ini 

2 

O.'lf! 

72 80 

ride {( .ml »;d 





li( ides) 





Kila/ine 

! -louu 

2 

0 87 

:!7.8b 

MHC 

1 : ()Ua 

2 

0 “5 

42. H 

■I’.-niu- 

1 : (K)a 

2 

0.()0 

57 . I ! 

( !alixin 

'200 'll! li.) 

:» 

0,02 

41,20 

J.oiA rk 

1; non 

2 

02 c 

,40 00 

lllilox 

1 : (.00 

2 

0.24 

84 , 57 

(lonlrol 



I .10 


(uns|)ra\(‘d) 





Cl) ai p 

0.05 


0.47 





40.2 t 


In this ( 

'xpcrimi'ut 

alsf) none 

ol the 

non ( (>p!)c 


rorinul;Ui«)n w;i.s fouiifl to be rlicciixr. 'I lie Ksiills aic 


similar (o tlio.st* oblaincvl in the previous expeiiment 
(cl', table 7.4). 

Experiment 3. Effect of different dilutions with 
hand sprayer ; In a f)revi(>u.s <\\jK‘riment (.\nn. R<‘p. 
197h-7b, ]).4b) it was observed that lilitox (a copj)er 
oxychloride lorniulatioii) a[)plied at one in dOO dilulion 
in combinaiion with sticker Pinolen(*-NE-l ’ilni 17 i^ava* 
a hit^h d(‘<^ree of control but the sticker im[)arted a taint 
to lea. Ih nce 'I’rilon AI*! was used in place of I'inolene 
in this year's experiment, d'hcre w'cre aIto<.^ether t‘it(ht 
treatments randomi/ed in thr<*e r(‘[)lica lions, each plot 
oonsistinir of 36 l)ushes. 'I'he number of treatments 
in 1973-76 was seven. I he first round was applic'd on 
24th May and the .second round three weeks later as 
sprayin.i^ had to be postponed because of heavy rain 
during th(‘ time when it was due two weeks later. While 
spraying, Bakpak sprayer was u.sed. 

4’he elfect of the treatments as judged by the degn'e 
of incidence of the diseases per bush is shown in table 
7.6. 


Table 7.6. Effect of lilrlox at dijjerent dilutions and rounds on lilack rot 
incidence {Alean of 108 hushes). 


Fungicide 

Dilution 

Rounds 

Inlecti(»n/ 

bush 

’’dreduc- 

lion. 

Blitox 

1: m) 

2 

0..40 

07 . 24 


1: ()00 

2 

0.15 

02.18 


1: 800 

2 

0.74 

47.82 


1 :H0() I 
'Iritoii 

2 

0.00 

40.58 


1:1000 

2 

0.81 

41.02 

- 

1:I(KK) 1 

’Intoii 

2 

0.84 

40.2.5 


1 :10(K1 

1 

0..5(> 

.52.01 

Control unsprayetl 


I.IO 


Cl) at p 
CV% 

0.05 


0.22 

17.. 58 



It is seen that the dilution viz. 1 in 800 which was 
found to be clfective in 197.3-76 when applied with Pino- 
Icnce did not indicate much benefit when applied with 
Triton as sticker and therefore it is felt that there is very 
little scope to use a copper fungicide at this dilution 
(1 :800) for the present. 1 :400 and 1 : 600 olferod 


almost similar control. It appears from tlu'se re.'^i 
that 1 :60() can \)c beneficially tried out which \ 
enable saving of fungicide. 

BLISTER BldOHL 

In 1976 altogether three experiments w(’re carried ( 
in l)ai;j(‘eiing to test tlu* elficacy of some new (‘(^p] 
formukitions along with a new systemic fungicTh' ( lali: 
in diircrent combinations with M owlith as a bin; 
(Sticker;. Powtu’ sprayers were used in two trials a 
hand spi ayer in one. In one ixxiiei imenl (died on yi( 
was also considered. 

Experiment 1 : This trial was conducted using ha 
sjirayers. (lopjxa* fungicich s wen' used at 1 in u 
parts ol vval('r and (lalixin was used with Mow lit h 
1 :4 ratio and the dilution of tlie coml)ination was 
adjusted as to give 20i) ml. ( lalixin [)ei- ha pi'r rout 
Tlu're wire altogi'tlu'r t) tri'atments including the 11 
spray('d control, ddu'se were* randomi/ed in foiu' rr 
lie ates. Eac'h plot consisted of 10 Imslu's. Shoots \v. 
plucki'd from c-ach ])h)i, bulkc 1 and 100 sho 
were; collecl('d from ('ach bulk sample. 'Total numbei’ 
blisters were counted on the shoots. Spraying was do 
immediately following a plucking r(Min'd at 7 day int; 
val. In ctrse of (dalixin the s))Tay interval was 14 da 
Results are givt'n in Table 7.7. 


Table 7.7. EJf't'l of dif/crenf funnidde on incidence of liii.sler 
per 1 00 shoots. 

Spray rrrtpn'ncy lUislcrs/ 1 ttO sIujoI 




Inter- 




Fungicides 

Rale 

vnl 

Rounds 

Number 

reducli( n 

Calixin vvitii 
Movvlith (1:1) 
(Prophylactic) 

200 inl/liH 

14 

4 

lot). 25 

44.41 

Calixin with 
Mowlith ( 1 :4) 
(Palliative^ 

200 ml /ha 

14 

2 

150.75 

45.54 

Fungikill 

1 :800 

7 

4 

45.25 

87.75 

'Fainraghol 

1 :800 

7 

4 

28.75 

00.00 

Hlitox 

(a)ntrol 

1 :80() 

7 

4 

00.00 

287.75 

70.14 

CD at p 0 

.05 



54.40 
20. 18 



Here only the copper fungicides have given hig 
degree of control (between 90‘h> hO'^d. (dalixin i 
this experiment gave only about 46% control, thoug 
in tlie next experiment eontrol up to 8T’o obtai 

nod. This will be rechecked during 1977-78 scasor 

Experiment 2 ; In this trial .seven treatments includ 
ing the control was randomized in four replication.^ 
each plot consisting of 40 bushes. Power sprayer wa 
u.s(‘d. The spraying was started on 9.7.76 and the la.s 
round was given on 30th July 1976. The method c; 
a.sse.ssinent was same as described in the precedini 
experiment. 

Results are given in Tabic 7.8 
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Table 7,8, Ejicct of fun uk ides on inddmee of OlkUr per 100 shoots 
{Mean of 4 rtpikates) 


Fungicides 

Inter- 

Rate/fia val in 

days 

Rounds 

Mean 

blisters/ 

100 

shoots 

% red ac- 
tion 

Blitox 

Tamraghol 

Copper 

Oxychloride 

Fungikill 

MBC 

Calixin 4- 
Mowlith 
Control 

()2r> g 7 

7 

„ 7 

7 

M 14 

200 ml 14 

4 

4 

4 

4 

2 

2 

23.25 
28.00 

26.25 

27.75 

130.25 

31.00 

161.75 

85.62 

82.68 

83.77 

82.84 

19.47 

80.83 

CD at p 

-O.tr) 


55.05 


cv% 



60 . 58 


As the 

was high tlu 

i original figures were 

transferred to log value and arc 

’ given 

l)clow : 



Treatment No. 7- 

-2.19940 

'I’reatment No. 5 

2.05405 

Treatment No. 6 

1 .48117 

Treatment No. 4- 

1.40698 

Treatment No. 3 

1.39136 

IVeatment No. 2 - 

-1 .36646 

'rrealrnent No. 1 

1 .36166 

c:d 0.05 - 

^ 0.26832 

HV' 

11.22 


'I he n'sult is in coiirorinity with what is apparent 
from table 7.8 but it has been reduced to an accej)table 
level by using log transloriualions. All the fungicides 
excepting MBC.' were found to be highly efrec:tive in 
reducing the distase. 

Experiment 3 : In the third trial all the treatments 
in the second trial were included. In addition, (lalixin 
was used with Mowlith at 1 :2 and 1 :3 ratio. Hard 
plucking was one of the treatments. Plot size was of 48 
bushes in 3 rows of 16 buslies each. The treatments 
were randomized in 3 replicates. S|)raying was done 
with power spi aycr. Here upto six rounds were applied. 
Initially two rounds were applied and then the w('ather 
became bright and sunny. The infection level went 
down by itsell'. 8ubse(|uently weather deteriorated and 
spraying was resumed. Hopper fungicides were sprayed 
at weekly interval while two rounds of Halixin at 14 day 
intervals wen’ sprayed — the first was given on 19.7.76 
and the 6th and last on 30.8.76. 

As this exp('riment is aimed at estimating the c’flect 
of the treatments (disease control) on yield, pre-treat- 
ment yield records were taken during the back end 
season of 1975. Yi(‘ld figures for 1976 were recorded 
and it is intended to continue recording of tlu! same for 
a complete priming cycle. 

4'he effect of the teatnients on incidence of blister 
blight for the season 1976 is given in table 7.9. 


Table 7.9, I'kfect of chemical control on /differ blight incidence 
{(t week after the (>th round of copper fun/feide) 



IlltlT- 


No. 

% 

reduction 

I’ungic ide 

Duse val in 

Rounds 

blisters 


days 


100 





shoots 


Blitox 

625 g/ha 7 

2 ( 4 

74.33 

75.28 

Fungikill 

Tainroghol 

Copper 

99 


72.67 

76.67 

75.83 

74.50 

oxychloride 
Calixin 1 4- 



61.67 

79.49 

Mowlith* 

Calixin 1 r 

200ml/ha 14 

14-2 

174.33 

42.02 

MowlithS 

„ 14 


235.33 

21.73 

Calixin 1 4- 
Mowlith^ 

14 

- 

205.33 

31.71 

MIK^ 

625/ha 14 


125.33 


Hard plurking 


120.(i7 

59.07 

(wee kly (hroughr 

Hit the ob.servation ) 




( Control 



300 . 67 


C!) at p - 

0.05 


75.17 


CV"„ 



25.08 



Hopper fungicides were very effective in controlling 
the disease. MBH was not at all effective whereas Hali- 
.xin was very much less (dfeclive and gave contradictory 
results. Hard j)lueking also contained the disease. 

Cotisidcnttg the three trials^ copper fungirides are still 
best for control of blister while Ccilixin ret/uired further trial 
to elucidate its ejjectiveness in the second trial and comparatively 
poor performance in the other two. 


BRANCH HANKERS 

M l-.e efTect of chemothera})eutant in control of and 
Aglaofora are under study as follows : 


Date 

Chemicals 

Clausal 

Eoca lions 

applied 

used 

organism 


12.1.74 

PPl395 (Kd) 

Aglaospora 

Happy 

Valley 

11.3.75 

Pancil 4' (Indofil) Poria 
Hoal Tar Poria 

d’ocklai 


Results so lar obtained indicate the following : 

a) Aglaospt ra : From the observation theie is no 
difference between the treated and the untreated bushes 
in infection rate. This will be further obsirved this 
cold wea t he r (1977). 

b) Poria : Pancil T appears to lie inferior to 

Hoal 'Far (Indopaste) in its protective action. 

PRIMARY ROOT ROIS 

Soil fumigation studies in control of primary root rot 
diseases caused by soil borne fungi have been under 
observation. The oldest of the experiments is about 
3 years old. The teclini(|ue of soil fumigants was to 
uproot only the dead bushes (and not tlu' apparently 
healthy bushes as suggested in the 'F.E. Serial No. 70/1 
filed under 1.3.) and inject the furnigant/add the chemi- 
cals. Th(' formulations studied so far are tfie following 
with rates indicated against each : 



Tocklai Experimental Sta 


r;0 


1. 

Vapam 

8 ml/|X‘r 

30 cm apart to a 


Metham sodium 

p(‘rloration 

dtq^th of 20 cm. 

2. 

Dichloroethane 

-do- 

-do- 

3. 

Telone 

-do- 

-do- 

4. 

Shell 1)1) 

-do- 

-do- 

5. 

Calixin 

1 lil/ha 

Soil drench 

6. 

Bavist in 

1 kg/ ha 

-do- 

7. 

lathium chloride 

1 g/lOO .sq. ft. 

-do- 


I'ollowinL; is lli(‘ lisl of garden on which the ex- 
pcainienls have hecai laid out with dates of appication. 


1. Naharkiilia T'.E. 

2. Ealasun 'F.E. 

:h Borhat 'I’d:. 

4. 'I haknrhari ()lots 

5. 'I’arajiili 

6. Dilli 'r.E. 

7. Borhlietta 


February 1974 
September 1974 
January 1975 
May 1975 
June 1975 
April 197G 
September 1976 


In addition many gardens have undertaken soil 
Imnigaiion Audits under our guidance with great satis- 
faction. 

1 h(‘ replanting in all the experiments has been 
done after the 12th week. 

4’he soil fumigation was done into the next appa- 
rently h(‘althy ring of bushes taking care not to apply 
the chemicals too close to the collar (a distance of 15-20 
cm from collar is safe), in one of our experiments phy- 
toloxic symptoms h'ading to death of two plants resulted 
uheir the chemicals were a])plied too close to the collar 
region. 

riterc' was no death recorded in the fumigated 
areas and from the treated apparently healthy bushes. 

Soil fumigation/treatment is most suitable to elimi- 
nate root rot diseases from small patches noticed in 
the midst ol' young and high yielding teas. Economi- 
cally it is not loiind to be viay useful in treating areas 
ov(>r 1 acre m a patch. Vapam (Metham sodium) 
when aj)plied at 8 nil/hole, an acre would reejuire about 
3 j 0 litiis in which the (diemical itself wc^uld cost around 
4000/- (!.(-. I. is selling Metham sodium at about 11/- 
per litre) plus the aiiplication costs. Ckxlixin is .sold 
around Rs. 18>5/- a litre but its long range clfect is yet 
to be c‘xaininecl. It is pj’oposed to examine the alter- 
ation in th(' .soil microflora brought about by the fumi- 
gants. Probably the root rot pathogen may not be 
complete ly eliminated from the soils but the increased 
sa|)rophy(ic activity of the soil fungi might be depriving 
the root rot pathogens their required carbohydrate 
supplies by utilising the sources extravagantly. From 
the i)ast experiments undertaken on the survival of the 
patiiogens it appears that they are very economic and 
miserly consumers of the starch materials. This is the 
possible explanation for the slow death of the plants 
affectc'd by the rcjot rot diseases. These experiments 
will continue. 


Biological nitrogen fixation 

For further studying in the possibility of nitrogen fix; 
by non-symbiotic bacteria in tea soils, an cxperii 
was conducted by inoculating the commercial as 
as pure isolates into air-dried soils collected from 
bhetta, filed into pots. The pots were amended 
the bio-fertilizers as suggested by the rnanufactu 
The pure culture were added to soil upon growin 
nutriemt medium (Jenson’s medium). I’he soils 
kept moist by adding water. 

Nitrogen estimations were made by Kjeldahl 
ihod at regular intervals. The nitrogen estimal 
were made prior to applying the bio-fertilisers, to k 
the native nitrogen levels. 

I he results did not show any significant addi 
of nitrogen into the soils. It may be reiterated 
(as reported in Annual Report 1975-76, p. 41) that 
ability to fix nitrogen into acidic soils is poor and ( 
that activity of Beijerenckia and Azolobacter goes d 
in the presence of available nitrogen in the soils, 
bhetta soils have a native nitrogen content of 0.8-0. 
Ihe following were studied : 

1. Nitrobacter — Biocullures Mfg. Lab. 

2. Azotobacler — Shaw Wallace 

3. Mutant Azotobacter Shaw W'allace 

4. Bacterial fertilizer given by Mr. D. N. Bari 

5. 8000/6 Beijerinckia sp. from Jabalpur ^ Obtainci 

^ from I. A 

6. 800()/8. Beijerinckia sp. from Russia 

Soil Microbiology : A (J.S.I.R. f(41ow is worl 
on ‘9hc effect of agro-chemicals on the Microbiol 
of tea soils for Ph.D. degree'. Following is the out 
of the work so far completed. 

a) Standardisation of media : From among 
difT('icnt media studied for the best growth in isolai 
and jnire culture studies, Rose Bc'ngal-streptomy 
agar was the best for isolation of fungi; Thorntc 
medium was best for bacteria and giycerol-asparag 
rneclium for actinomyeetes. 

b) Distribution of fungi in the vertical seal 

Analysis of' .soil to a depth of 90 cm from the surf 
revealed that most of the dominant flora existed upt 
depth of 1-23 cm below which there is marked decl 
in numbers. On the basis of tliis findings soils for am 
sis were grouped into 1-23 ems, 24-50 ems and 51-90 c 
depth. Evaluation of flora was made from virgin • 
and soil carrying tea of different ages. 

c) Soil flora : Soil flora was estimated from ar 
carrying tea that were treated with ft'rtilizers, insecticic 
acaricidcs, fungicides and herbicides. Areas stud 
had tea of age groups 0-5 years, 6-10 years, 11-1.5 ycT 
16-20 years and above 20 years. It may be mentioi 
that Sphaerostilbe repens, the causal organism of Vic 
root rot was frequently isolated from tea soils in tl 
present study. 
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Processing of green leaf to made tea was rejlected by 
changes in the pigment profiles which also served as an 
index for the degree of fermentation. Second flush teas 
showed high amount of theaflavins which are known to con- 
tribute towards the quality of tea. 

45 and 180 kgjhectare of potash application appeared 
to have slight adverse ejfect on the quality of tea compared 
to no applicatioti of potash. 

Two factory floor tests developed for ascertaining the 
cored fermentation limes for C.T.C. and Orthodox teas were 
found useful. 

Pigment prof ile 

(i) Clonal behaviour in flushes 

CJiaractcrisation of the different flushes from the study 
of the pigment profiles of mad<‘ teas liave already been 
reported for a number of 7'V clones (Ann. Rep. for 
1973--74, 1974-75 and 1975-76). Two more clones d'V 
10 and I’V 19, were studied during this season using 
the technique described in the previous reports. 

As leaves from these two clones were availal)le only 
from June onwards, the first flush characters were not 
observed in the pigment profiles. 'Fhe profiles showt'd 
second Hush characters upto the first week of July. 'The 
characters of the rains flush dominated till the eild of' the 
first week of September. It was evident that in a majo- 
rity of cases, the [profiles for both (he clones were of a 
similar nature. The total oxygen uptake figures of 
unproccssecl shoots of the two clon(‘s lended added su- 
pport to these observations, which the Tea Tasters also 
corroborcited. 

It was further observed that some of' the clones attain- 
ed the second flush character somewhat earlier in tlu! 
season, which others did at a later period. Further- 
more, the durations of different Hushes varied from 
season to season, depending upon the prevailing agro- 
climatic conditions. 

(ii) Pigment profiles at different stages of leaf 
][>rocessing 

An experiment was caried out to determine the changes 
in the pigment profiles at different stages of manufactu- 
re. Fresh half, withered leaf and rolled leaf of clones 
I’V 10 and 'FV 19 were used for this experiment. 

The profile for fresh leaf showed two peaks at Dj and 
Dg of Fig. 8.1. On chromatography of the fractions 
corresponding to the two peaks, Dj and Dg, it was ob- 
served that l)j fraction contained chlorophyll, chloro- 
gcnic acid, gallic acid, catcchins, etc., whereas Dj 
fraction contained mainly the catechin gallates. 

The withered leaf' profile also showed the same two 
peaks (Fig. 8.1), with the difi'erence that the Dg peak 
was flattened. In some cases, the withered leaf profiles 
were somewhat similar to those of made teas. This 
could be attributed to slight fermentation of the withe- 


red leaf due to partial damage of the leaf during trans- 
poratation from field to factory aiul withering. 

I'he extract of rolled leaf showed three other peaks, 
A, H and C, in addition to D, and 1).. (Fig. 8. 1). Since 
the D, and 1).^ jjcaks were much flattened in this j^rofile, 
it can be inferred that tin* additional jjeaks A, B and C' 
originated from them (Dj and 1)^) as a result of rolling 
which caused fermentation of the leaf for about half 
an hour. The A, B and Cd peaks corri*sponded to higher 
polymers of catcchins (e.g. thearuliigins), showing that 
fermentation taking place during rolling initiated the 
process of polymerisation of the poly|)henols, which 
will continue* until com|)l(‘tion of the fe rmentation pro- 
cc.ss. 

I he study eif the pigment profile s we re* carrie'el out 
at the wave length e)f 380 nm only. It is intende‘el to 
e'xamine the eluate's at a range eif wave lengths to obtain 
more information e)f their che*mical e:ompe)sition, when 
such facilities are available. 



(iii) Pigment profiles as influenced by length of 
fermentation 

Leaf pre)ce*ssed by the Cf 'F.Cf methexi and fermented 
for different lengths of time were subjected to pigment 
profile analysis to determine the prolih* characteristics 
of under-fermented, over-f(*rmentt*d and normally fer- 
mented made teas. L(*af from clones W 10 and TV 
19 rolh-d by the Cl.l’.Cf method were fermented for 
1 h, 1 h 20 m, 1 h 40 m and 2 hours and the made teas 
were analysed for pigment profih's. Results for under, 
normal and overfermented made teas are presented in 

Fig. 8.2. 

The undei fermented teas showed larger peaks at 
.A, B and (1 compared to those of rolled leaf of Fig. 8.1, 
indicating increased polymerisation of the catcchins. 
I’he pi'aks, y\, B and C increased in size with the advance 
of fermentation, at the expi-nse ol' the Dj and Dg peaks, 
which became smaller. It was, however, observed 
that in general 1 h 40 rn to 2 h fermentation was necessary 
for leaf frcmi these two clones to produce the desired 
profiles for properly fermented teas. 
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I’OCKLAI I'lxPEKIMENTAL Si A'l' 


ft 

UNDER fermented 

normal FERMENTEb 
• • OVER FERMENTED 


shoots IVoni the three potash treatments were collec 
at weekly intervals and were analysed for chloroph; 
amino acids, enzyme (oxidase) activity and total oxy^ 
uptake. I’he leaf from the experimental plots W( 
manufactured at the same time by the C.T.C. meth( 
The corresponding made teas were analysed for 
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Xable 8.3. Ai fraj^e amino acid contents of the plucked shoots of clone TV 

2 under dijjerent doses of potash mauurine; 

Aniiru) acids (mg/lOO ^ dried leaf) 

Doses of - - . - - 


potash 

kg/ha 

'fliraninc 

(iliitamir 

acid 

Other 

amino 

acids 

I'olal 

0 

1470.9 

234.3 

290 . 2 

2001 .4 

45 

1357.0 

283 . 0 

329.8 

1970.4 

180 

1207.8 

285.0 

328.2 

1881 .0 


(iii) Enzyme activity and total oxygen uptake 

The average enzyme activity in the pluck(‘d shoots 
over the whole season remained almost the same for the 
three levels of potash maniiring, thereby indicating 
absence of any effect of potash manuring on the activity 
of the oxidase enzymes. 

'I’hc monthly average figures for total r)xygen uptake 
(/xl (^ 2 /nig/ 2 h) of plucked shoots from the three levels 
of potash manuring are graphically represented in 
Figure 8.3. The corresponding valuations of the teas 
by 'Focklai and ( lalcutta tasters art* shown in I’igurt* 8.4. 





Fig. 8.3. Total oxygen uptake of plucked shoots of clone 
T V2 from three level* of potash manuring 

The total oxygen uj)take in shoots (rom the no potash 
plots was found to be somewhat higher than those from 
45 kg and 180 kg/hectare potash ])lots throughout the 
exjjerimental period from June to November. Lxce[)l 
for a slight variation during the period from June to 
August, the oxygen uptake remained practically the 
same from August onwards to end of November in the 
no potash plot, while in the two jjotash plots the uptake 
showed a tendency to decline from July to October 
followed by a slight rise in November. fhe total ipHake 
of' oxygen reflected the concentration of the sul^strates, 
the polyphenols present in the leaf. It appears that 
application of potash causes a slight decline in the con- 
centration of the substrates. 4’his, in turn, is rellected 
on the 4 F and I'R contents (Table 8.4) of the corre.s- 
ponding teas. 

(iv) TF and TR contents 

'1 he average FF and FR contents of the Cl.'F.Cf 
teas manufactured from leaves drawn from plots under 
the three levels of potash manuring are presented in 



> 



(MONTHLY average) 


Fig. 8 4. Tasters’ valuations of made teas of clone TV 2 
under three levels of potash manuring 

Table 8.4. FI* and FR values were the highest in the 
teas made from the no potash plots, while there was no 
difference in FI' and I’R between teas from 45 kg and 
180 kg/ha potash plots. 


Table 8.4 .1 values of IP' and TR and valuations of C. TX:. 

teas manufactured from the Leaf of chme TV 2 under different 
doses of fH)ta\h manuring 


1 )< »sc*s < 

»f I’ercent 

l*<*!<(*nl 

PercM'Mt 

\ 

/aluations 

Rs/kK 

potash 

11 

IR 

1 FT 1 R 

IF/FR 



kt?/ha 




1. 

[xklai (lahuUa 

0 

2 . 54 

15.82 

18.3(> 

0. 1(>3 

8.33 

15.31 

45 

2.31 

15.()0 

17.91 

0 . 1 50 

8.11 

14.91 

180 

2.31 

15.24 

1 7 . 55 

0. 151 

8.15 

15.07 

Fhe 

average' v 

aluations given by tlu* 

tasting 

panel; 


at 'Focklai and Clalcutla were slightly liigher for teas 
made from the no potash [)lots than from those receiving 
4.5 kg and 180 kg |)otash per lu'ctare. 'Fhere was hardly 
any diflererice in tlie average valuations of teas from 
the 45 kg and 180 kg/ha potash plots. 

Changes of amino acid levels during black tea 
manufacture* 

Changes of amino acid levels during different stages 
of manuficture of black tea viz. withering, fermentation 
and drying were studied. The results showed that 


♦ Tlic study is in partial fulfilment of Ph.U. thesis of Mr. M. N. 13ev Choutlhury 
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'Focklat Experimental S fat 


normal willierinir iho ronrcntralitm of arnino 
a( ids (Icrinirdy inrrrasrd as a n'siiU nf breakdown of 
proU'ins lo free amino acids by die specific cn/yme 
“F5’otcasc”. Fcrmentalion of tiic h^af caiisial some 


dc ^radalion ol the amino acids. The extent of det 
dation of amino acids as a result of fennenlatioa ' 
Ibiind to be hiirficr in Orthodox compared to dial 
manufacture ('[’able 8.5). 


Table 8 . 5 . afnmim ,vid I, mis dry ImJ) during wiUming andjrr.nmiathn the A,, am Te.i 'ru/ [Chni: Tl' /J) 


Amino atiJs 

A.spariic acid 
( iliifamic acid 
Serine 
Asfjaraf’irir 

I lireonine 
t A'sirir 
< ilutarniric 
-Maniru* 

Tyrosine 

Lciiciru'/ Isolcuciru' 
Phenylalanine 
Valine 
I'heanine 

d’olal 


Fivsh Ic.if 

Wilhcicd 

KcrmfMilcd leaf 

— — — 



C. T.C. 

(Orthodox 

MO. 2 

550. () 

2h9.7 

200. 1 

255.5 

552.0 

189. h 

225.5 

5 1 . 2 

45.5 

54.7 

54.8 

. _ 

:J08.(i 

501.4 

215. (i 

8.5 

15. 1 

11.8 

9 1 

(..8 

5(,.4 

25.1 

! 5 . 1 

«i2.5 

125.<) 

120.2 

89.4 

19.0 

27.0 

20.0 

19.0 

7.5 

51.5 

52.0 

22.9 

5.2 

91.5 

88.1 

74.5 

9.4 

T52.2 

101. 1 

85.4 

15.5 

llii.5 

101.5 

95 . 4 

1501.5 

15:;(,.9 

1155.(i 

955.0 

18()0. t 

519<i. I 

2151.8 

- 



•20 51 .7 


I he decrease in llu' ( omaMitration of difienait amino 
a. i Is durinrr fcrmeniadon i.s primarily ihw. to deami- 
nation and dccarlioxylation resulling in!o die formation 


of dll' conT‘.s|)ondinir alflehydes (Popov, V. R. IT 
Jiiok/iimna, 21, 

'Pile overall changes of amino acids during ferincn 
lion and (hying arc’ recordcxl in Palile 8.fi. 


Amino acids 

Aspartic acid 
( dufarnic acid 
Serine 
I lireoniru' 
Asparaenne 
( diilamine 
Alanine 
Tyrosine 

I -eucine/ Isoleucine 
Phi-nylalanintr 
\'aline 
'I'heanine 


Total 


Table 8 . 6 . C/mnnrs nfamim adds levels d .rmii manufacture of black ten {rnsrl/OO a dry lea) 


(Clone 12() 
Tresh leaf 
IhH 

m 

hi) 


1H3 

M) 

li> 

1 .'') 

1.5 

12 

1022 


19.55 


Withered leaf 

210 

590 

101 

210 

228 

5(i 

().5 

87 

102 

9(> 

1109 


2(i94 


’.(:. Tea 

j J 'rt sh It at 

WO 1 he red 

171 

1 

J(i8 

2()7 

1 141 

150 

(>5 

! '29 

1.0 

1(.2 ! 

! 

14 

192 

1 55 

•10 

99 

5() 

18 

25 

11 

17 

Id 

57 

00 

11 

25 

72 

1 14 

00 

14 

78 

1057 

•152 

570 

2094 

820 

1558 


(Hone IV I (Unpnined) 


T.(]. Tea 

Orthodox Tea 

180 

155 

108 

159 

51 

42 

12 

13 

174 

174 

29 

20 

29 

29 

10 

17 

51 

■18 

57 

85 

00 

1)0 

51G 

317 

11 (i9 

1104 


The decrease of arnino acid content during drying 
may be partly due to decarbt^xylation and partly for 
non-enzyniatic browning reaction inv’^olving sugars and 
arnino acids during heat treatment. 


Factory floor fermentation test 
(i) By use of phenol reagent 

lorklai Fermentation Test ( T.F.T. ) as develops 
in the laboratory (Ann. Rep. 1975-76, p 44) to ascertaii 
the corn-ct fermentation time of tea leaf w.as eonductci 
on miniature scale manufacture in theTocklai Factory 
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ThctcsL was later modified to suit the conditions of' lar^e 
scale manulacture in K'a ('stales and the modified t<‘st 
was carried out in four commercial tea racloric's. I he 
modilied test lor commercial manulacture has beam 
puhlislicd in d wo cK: y\ Bud, 1976, 23 (2j, p 50. 

d lie obji'ct of develo[)in,tr such factory floor test is to 
lay a scicntilic basis lor l(‘a IcrnH'ntal ion and to rcjihua* 
th(! sulijcctive way of assessniL' the ])roi>r(‘ss of fc'rnKui- 
tation Irom th(^ colour and the '■nos(‘'ol the Ica'UH'ntint^ 


leal. Souk* results obtaimal with this test in resprci of 
leal jirocessed by the Orthodox and O.'r.O. methods 
aix‘ presented Ixdovv. 

Orthodox manufacture 

Sonic* results ol the I'crinentalion d'est carric'd out in 
a commerc ial lactory doinj^ orthodox mariufacture arc 
jiK'scnted in dable B.7. d’he optical density ((J.D.) 
measm cnK'Jits at 7()t) nm and t lie correspondinm; valua- 
tion ol tc'as Ironi the* 1st, 2n(l and 3rd lines and Iroin 
the coaisc* mal arc shown in the table'. 


Table 8.7 ()f:ti<al Drtnily {().J)) fr.edMoeiiunts nt 700 ntn ojOtthodox hiif and , 


I rrniffitMlioii linir 


1st fliir 

\ all lilt ion of tr.i 


2n<l liin- 

\ aliiiii ion of |« .1 



O.D. 

Rs./kii 

0.1). 

K s. , k.L^ 

( >1). 

2 li 20 111 

0. IH 

0.00 

0. 18 

0.(10 

0. ,20 

2 h ;>() m 

0. 11 

n . .so 

0.4 a 

a.,ao 

0..21 

2 h to in 

0.10 

a. 00 

0. 1 1 

a. 00 

0.20 

2 li xO 111 

2 h 

0.20 

7.00 

0,12 

7 . .a( ) 

0.11 


nt H \(i<>tidino J;(il natiuu.s oj the made teas 

1 liiu* ( ]()ars(* mal 


\ 2 iIn;Oion of tr.i 
Rs./kt- 

0.1). 

\ iiliiation ( 
Rs/kjr 

0.20 

0. to 

(i..20 

a. 00 

0. 12 

a. 00 

7.. 20 

0. tt 

a . 20 

0.20 

0 .. 2 (, 

7.00 


0.20 

(>.22 


C.T.C. manufacture 

d hc' Tocklai I'crmcntation d'est, dcvclopc'd spci ially 
for tlu' ()rth()dox rnc'thod of jirocessini^, was also tried 
for (!.d'.(f manufacture witfi slight modification (d’wo 
& A Bud, 1976, 23 (2), p 5()j. d'hc test was conducted 
at intc'ivals of' 5 minute's. A set of results I'tom one 
such expeiiuK'nl is firesc'iited in dalih' 8.8. 


Tabic 8.8 Ofdual Density (O./l.) uif.isiirotirnts <it 10 ) nm for ( I 
leaf and the ( ortesfmndin^ rnlnnti.o/is of the teas 


l‘'f'rtricntati< )ti 

O. I). 

\’iilii;il ion of 

time 


(<ii Rs./k ‘4 

1 h lO in 

0 . 10 

12.10 

1 h 12 in 

0 . la 

1 ,2 . ( >( ) 

1 h 20 in 

0.21 

12.20 

1 h 22 in 

0 . 2 (i 

i 2 .ao 

1 h 20 in 

0.22 

12.70 

1 h 22 in 

0.21 

12.. 20 

Since tiiis lest doc.s 

not account for 

the fei ineiitation 


which goes cin during drying of the fermented leaf, iin- 
preaper drying of the leaf may adversely alfcc l the' C|uality 
ol the tc^a even alter achieving corrc'ct fermentation at 
the' time' of transfer of the' leaf to the drier. 1 his is one' 
of the reasons I'or which certain anomalies were obser'- 
ved in tasters’ valuations of under and ovcr-fernientcd 
leas, specially in the (kd’.Ck method of manufactine. 
(ii) By measurement of TF 

Attc'inpts were niae to develop an alternative chemical 
test to follow up the fermentation prcjcess during ( fd'.Ck 
manufacture. The test was based on the measurement 
of the colour intensity of thc'aflavins (11' ) formc'd during 
fermentation of the tea leaf. 

Previous study had shown that both thcallavins ( I F) 
and thearubigins (TR) start forming with the initiation 
of fermentation during rolling of tea leaf, d'he concen- 
tration of d’F goes on increasing with the progress of 
fermentation till a stage is reached after which there is 
no more formation of TF. On prolonging the fermen- 


lation. the 1 !'' content ultimately shows a slight decline. 
On the' othe r hand, the' conce ntration of dd< goc's on 
ine ie asing with the' iiu rcase ol lerme'rn a t ion lime. 
I i<>peil\ leime'nte'd h'al should hav'c' a high concf*ntra~ 
’>1 If ‘bid an adeepiate* amount ol’ TR. It vvas 
ihe'ie'forc fe'lt that if the ('f)nc('nl rat ion of l\' can be 
measured by a simple test at dilferent stage's ol' fc'rmeii- 
lali(Ui, it m,iy I)e |)(>ssiblc to pin-point the' corre'ct fe'r- 
meniation time'. 

.\n infusion of 5 g of fe'rmenting leaf was made with 
150 mi boiling wate'r and ke pt convere'd for 3 minutes 
after wide li it was lillere'd through cotton wool. 5 ml 
of the infusion was mixed with 5 ml of I aepjt'ous .solu- 
tion of <mhyehe)us disodiurn hydroge'n phosphate in a 
se parating luime*l. d he mixture' was shaken vigomu.sly 
w ith ) ml ol ethyl acetate' for I minute' and the two lay- 
ers allowed to separate'. 'Fhe lower aqueous layer wa.s 
diamed oil anel a ml ol e’thyl acc'tate was added to the 
coloured extract. fhe e'xtract was thc'ii transferred 
to .1 test tube. 

Ihe test was repeatc'd at intervals of 10 minutes of 
l('i me'ut a t ion anel the intc'nsity ol the* coloured extracts 
was judged visually by viewing vc'rtically through the 
length of the e'olumn of the liepiids in test tubes against 
a white background. By careful examination of the 
solutiems it was po.ssible to distinguish the intensity of 
colours. However, for a precise ('stimation, the inten- 
sity of the colours could be mea.sured at 4t)0 nm in a 
colorirnc'ter. 

riiis test was c:onducted on miniature .scale rnanu- 
lae ture and the' tea samplers corresponding to each test 
were' evaluaterd by tea tasters. Ther average O.D. fi- 
gures for 2nd Hush, rains and autumn Hush leaves of 
e.lones IV 2 I'lnd IV IB arc graphically represented in 
figuies B.J and 8.6 along with the corresponding average 
valuations of the made teas. 
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Hii^hrsl ().r>. did not always correspond to hitrhr.st 
valuation. 'This could hi' at(ribut('d to a number of 
factors. "r(‘a tasters from dill'crc iit anas vary in their 
prcferenec's. Attainment ol the highest i 1’ value by 
a mass of I'ermentin^ leaf' may not always be supple- 
mented by an ade(|uat(‘ amount of TR to jL»iv(‘ tiu* re- 
quisite body to the infusion, for which exte nsion of the 
fermentation time beyrmd the f)oint that ^ivi^s ilu* highest 
O.D, of I f', might be* ne*ce*ssary. Drying of the (er- 
mente'el le'af also can play an imp()rtant role* e)n the* <|ua- 
lity of lh(‘ tea which is ne)t ae:ce)imle*d for wliile* te'sting 
the fermented leaf. Newe‘rthele\ss, the figures inelie.ate* 
that the lest can se'rve* as an useful tool in asse*ssing the 
pre>gress e)f fe*rme*ntation. 1 le)W’e*ve*r, lurthe"“r experi- 
mentation on large* scale manulaeaure would be nece 
ssary fear deciding em its applicability to commercial 
tea factories. 

Routine chemical analysis of samples 

d’wo bundred six sample's fre)m various de'partmcnts 
of the* Station and 198 .samples from l ea Estates were 
analysexl lor thcaflavins, thearubigins and moisture 


content during the* ye'ar. A number of sainj)les 
were alse) analyseel f'e)r caffe*lne (ontent. riiis ine lueles a 
lew of the* sample's re‘e eive*el fre)m the* (le'iitral I'ixcise and 
the* Defence* dt*})artme*nts. 

l*'re)m samples e)f vvate'r re*ce*iv(*el. Tea Instates vv(*re! 
adviseel on the*ir suitability le)r use in te*a lae:te)ries. 

Moisture meters 

A number e)‘ Kaybe'e* and N-f’oss Moisture* Meters 
iee:e*ive*d fre)ni elifle-reiit d'ea Instates were calibrated in 
the* ele*|)artme'nt . 

General 

Mr. M. N. Dev C^he)uelhury was away fre)m the Statiem 
from Aprir76 te) Ne)vembe*r ’7b e>n deputatieju te) Punjab 
Agricultural University, Luelhiana, te) we)rk I'or the 
Ph. D. de'gre'c e)n amine) acids, sugars anel chlorophylls 
of i<‘a. 

Dr. M. R. Ullah was deputeel to Indian Institute of 
Science, Bangalore, fre)m enel August to mid December 
’76 te) work em the care)tenoids of tea. 
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J^o alternatives to (onventional lining for packing tea^ were 
still found so lisfac lory. Iu)r good lip colour^ optimum period 
of trough wiihering varies from clone to clone. For more 
broken grades in C'Kk employment of 8, ](), 8 groove for 
1st, 2nd and l<rd cuts, was advantageous. More extrac- 
tion (f fines in dual nianufaciurc adversely affected CIC 
(jualitx. lilending of jal tea with certain clones gave 
an appreciable boost to rain quality. 

1 lie main at livily of this clcpai iimait cnitrcs arountl 
assistance to phnitcis for maintenance and improvc- 
tmail of l(‘a (jualily. I’or aclh(‘vinj' this ol)jcctivc it 
us(‘s on^arK)lc*f)tic tests to evaluate planting material 
and agroteehnifjues, assesses tl»e impact of methods 
ol mannfaetun‘ on grades and (juality of made 
t('a, studies various |>a( king materials in their elhcacy 
to kee[) th(‘ teas taint and moisture fir'e and tests 
dciergents, |)aints j\nd conveyor belts to identii'y 
those wfiich do not adversely affect the* ejuality of 
tfie final product. In this (onlcxt it liaises closi'ly 
with other researcli departmettts at 'I’ocklai atid its 
outstations and conducts visits to factories and 
organises tasting sessions for the planter members, 
'riu! dejjarirnent has lull lleelged mini-manufacture 
faeilities at doeiklai anel Nagrakata : the miniature' 
tnatiufaclure factory at Nagrakata was estaljlishe'd 
in 1971-72 as a measure e)f cjuality ce)ntrol in the' 
I)oe)ars. i’he twe) tea tasters arc located at I'oe klai 
and Nagrakata. I'he activities of the department 
during the year 197G-77 are given bele)w : 
Packaging and Storage 

[n order to reeluce the e ost of packaging and ste)rage a 
few non-ce>nventional types of paper materials anel 
cellulose films for lining have been tried as alternatives 
to normal packaging material and lining. 

Paper material for lining i (1) Minkotc (Poly/ 
urcthene coated paper), (2) ( ’ellophane, (3) Multi- 

wall paper bag. 

Minkotc from lea-Ma (Consortium Ltd. ami Olio- 
phanr from Jorehaul lea Company Ltd., were tested 
fe)r their suitability as alternative lining materials to 
metallic foil. l‘'rom the tests it was found that these 
materials did not impart any taint to made teas. But 
a number of trials carried out could not conclusively 
indicate the efiicacy of these lining materials as 
impervious to moisture above the permksible limit. 
Perhaps one of the major sources of error is (he 
small size of tea chest used in these trials. It may 
be mentioned that in a 5 kg tea chest every kg of 
tea packed is expos('d to 750 sq cm of lining 
surface and 60 sq. cm of the joint as against 296 
sq cm of lining surface and 12 sq cm of the 
joint of the tea chest for every kilo of tea in a 
normal sized chest of 40 cm x 50 cm x 60 cm. 
Further trials with full sized chest are necessary. 


As a substitute for tea chests both for internal ; 
external markets Mulliwall paper bags of (he follow 
clcsc:ri{)tions \v('re receiverd from 'Tea Board for pack 
ing of broken grades. 

Paper elntli, Poly paper - two ply paper 5 j 
Two ply poly paper, two ply paper 5 | 

One j)oly paf)er, thr('e [)ly {)apt'r 5 j 

'These |)aper bags were compared for three mom 
in a storage trial of tea against a control sample sfor 
in a normally packed plywood tea chest lined wi 
conventional aluminium foil and with tissue pa|)e 
Samples of lea were drawn every one riioiit 
'The experimental storage paper bags did n 
taint (he teas, as was evident from the repoits 
all the panels of ’T(‘a 'rasl('rs including the 'Toeklai 'Ta 
ter. But (lie bags did not provide barrier against moi 
(lire as cnicit'ntly as the control package as is clear froi 
(able 9.1 

Table 9.1. .Moisture (jmtrnt (^’0 of tea stored in Afultiwnll Paper kaj^s 
tmmthlv intervals {initial moislnre content -4.r>%) 



•i2/7/7(, 

22/H/7ti 

22/9/7() 


1 month 

2 months 

9 months 

A 

7.7.') 

a. 09 

a. 90 

U 

9.00 

9.19 

9.()9 

C 

7 . :v\ 

a . 90 

9.91 

1) 

.9.2.'') 

9.49 

9. GO 


A Paper clotli, Poly paper -two ply paper - 5 ply 

B 'Two ply poly [)aper, two ply paper ^ 5 ply 

(1 (Jne j)oly paper, three ply paper ^ . 5 ply 

D (k)nveniional lining with aluminium foil and 

tissue pap('r. 

As it appears, it would not be a sound proposition lo 
pack teas in these bags as they cannot sufficiently pre- 
vent absorption of moisture during storage. Multi- 
wall paper bag seemed to have certain distinctive de- 
merits also and these are commented upon hereunder: 

(a) 'The paper bag is complicated in design and 
make and filling of the bag is a problem as the mouth 
is restricted by a flap. To fill a bag takes more than 
half an hour which is a waste of time. The 
.slow process of filling the bags causes longer exposure 
of the tea to the atmosphere and, as a result, acc elerates 
the rate of moisture absorption. 

(b) Vibratory packers cannot be used with these 
bags as the jerks caused by a vibratory packer can da- 
mage the bags. 

(e) While stacking on the floor, the bags at the 
bottom suffer considerable damage. 

(d) Drawing of representative samples for visual 
examination and organoleptic evaluation Ibr experi- 
mental and commercial purposes poses problems due 
to complicated opening arrangements. 

(e) Closing the bags by stapling (he flap does not 
fully seal it. 
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I'roin the experimental findings and the unsatisfactory 
physical properties ol Multiwall paf)er l)ag it is consi- 
dered that this will not he suitable even for packaging 
of broken grades, not to speak of dust grades. 

Evaluation of commercial products 

rhe following detergents were- teste-el to fniel out their 
e'llicacie's or otherwise^ in e leaning fe-rmeiiting room 
lle>ors, rolling mae-hines etc. in tea factorie^s. 

‘Anirit Fed', a lie|uid de-te rgent and ‘Cila/.y' a j^owelered 
dete-rgent receiveel fre)m Me*ssi's Amril Fal llari lihai & 
(k)., Varanasi anel Agro ,\ule) Age-ncie\s, Ciolaghat, 
Assam K-speelively were ce)nsielered unsuitable for use 
elue to ihe-ir highe-r pH value- beyond the acccpiable- 
limit . 

Fe)lyfe)rm wa (e'rpre)e:^ling compounel from Ablative 
J^)lymer Freadue ts (1) Fvl. Lid., (ialeutta were- teste-d 
as a surface lor ferme-ntalion e)f pre)ccsse‘el gre-e-n leaf. 
l'’e)r this test, a eoneretc slab proe>f and a tray 
coaled with the- above- me-iitieine-d ee)mpe)unel, were 
used feu' spreading of fermenting leaf e)ve-r the-m. 
d’he- pre)eess was repeateel se*veral times. fhea fe-r- 
mented le-af sample-s were the!M elriexl anel the madti 
tea tastee.l. Fre)m the tasting re-sult on each e)e:casiem 
it was eabseive-d that the maeJe te^a samplers elid not 
acquire any taint or odour fre)m the coinpounels. 
Hence as far as tainting is eoncerned this ce)m|)Ound 
is conside-re-d suitable le)r coating lennenting .surface-s. 
He)we-ve*r the- te*sts re-lating te) physieal stre-ngth 
and durability e)f the- slab are outside the scope- e)! e)ur 
investigation and ne) ce)mme-nts can be made in this 
respect. 

Assessment of Clones 

(a) For Tocklai : As in the previous years, this 
year also the department ce)ntinuexl le) render active 
suppenT to Botany Department in selection e)f ele)ne-s. 
Cilonal leaf samples were manufactured in the minia- 
ture factory both in Orthodox and CfT.Cl. methods 
throughout the season, d’hese samples were lasted by 
dilTcrent panels of tasters including the Focklai taster. 

(b) For Commercial planters ; Fwenty four 
garden clones wt-re tt-sted for (quality and suitability 
under Dooars conditions. Assessment is being done. 
No certificate could yet be issu(-d. 

Clonal grec-n leaf was supplied by difn-n-nt gardens 
for manufacture in Nagrakata miniature? factory. Some 
of these clones arc showing encouraging results and have 
been selected for further trials. 

Effect of Agrotechniques 

(a) Management Practices and Biochemical 
experiment : A total of 501 clonal leaf samples were 
manuhicturcd in the miniature factory in connection 
with the .study of pigment profile, manuring experi- 
ment and 'Focklai fermentation test. Made tea 
samples were also tasted and reported on for the 
Biochemistry Department. 


(b) Zinc Trial : While foliar application of zinc 
is bcc'oining more and more popular, it has l>ccomc 
n(-c('ssary toslutly the elfect of /.itu? on (piality and cup 
character. Sorm- manufacturing lri;ds w(-re conducted 
but tin- results wtrt- inconclusive, lunce further study 
is n*(juir<‘tl. Fhe ('X|)erimcnt will be continued. 

Effect of manufacture techniques 

(a) Withering : A study was made in the Focklai 
miniature factory to lind out the elfcet ol'dilfcrcut periods 
ol willu-r (111 colour of tip which is to a large extent rcs- 
j)onsibl(‘ for tin- appearance and the inarket price of 
orthodox l(‘.i. 

In this study I’VH , rV2, TVl 1 and TV 16 were selec- 
ted and till- duration of witiu-r giv('n wen? 5 hrs., 9 hrs., 
15 hrs. and lb hrs. for (-ach (loiu-s. I’he desired wither 
ol all lh(-se clom-s w(-re obtained by using trough under 
controlled conditions. TIk- ])crc(‘nlag(‘ of wither was 
bctw(‘(‘n t)5 to 68"',. Reports of dilferent panels of 
tasters and tlu- IVxklai taster varied. 

rV 1 gav(- better colour of lip at 9 hours wither, but 
in some cases TVi show(‘d be lter ce)lour e)l'tip at 15 hrs. 
and F\'il at 18 hrs. 

I’bc results arc llu-rclbre ince)ne lusivc and the experi-» 
meat will be earrie-d eiut furtlu-r. 

(b) Effect of grade percentage using 8 groove 
and 10 groove C.T.C. segments : The experiment 
was initiate-d lei find out llie pe-rcentage? e)f grade-s by 
using 8 groe)\(* and l() gre)e)V(* (f'l'.Cl. segments in dilh?- 
rent cuts. A little clearance betwee-n the rollers was 
give-n in the sece)nel cut while using 10 groe>v(? segments. 
'Flu* eibjee t is alse) ainuel at dete-rmining the influc?ncc 
on the- eiip eliarae.ler of the* made- ti?as. 

riiis experiment was simultaneously conducted both 
in a commercial estate and in the 'Focklai miniature 
lactory. The results are giv<*n below in table 9. 2, 

Table 9.2. (irfuit fterrrritapj'S nbtained in (lijferent (>.'/ .C. cuts 


^cre 

; Isl 

H grorvrs 

8 grooves 

8 

grooves 

ruts 

2ud 

8 grooves 

10 grooves 

10 

grooves 

tirades / 

3rd 

10 grooves 

8 grcjovcs 

10 

grooves 


A. 

Tocklai Miniature Factory 




O ' 

(»/ 


(»/ 

Broken 


32.11 

35.02 


19.74 

l-'annings 


,50.33 

47.82 


57.90 

Dust 


Hi. Of) 

15.02 


21.42 

Kesidia- 


1 . 20 

1 . 54 


0.94 



B. Commercial Factory 

* 


Broken 



35.01 


17.07 

Fannings 



30.70 


47.43 

Dust 



34. !?) 


34.90 

Residue 



.09 


00.00 


* C’ut i & 2 with 8 pr<H)V(?s and cut 3 with 10 grooves is not in 
practice in the roncern(*tl garden. 

'I'he table show that for producing more brokens 
it would be advantageous to use 8 groove segments 
for the first cut followed by 10 groove segments for the 
second cut and again 8 groove in the third cut. 
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I’oCKLAI l’lXl»KRlMi:NrAr. 


(c) Dual Manufacture : In 197') (‘ighi 'Fockiiii 
released clones were nianiifactured in two series to study 
tin; j)erlornian('(‘ of these clon<‘s under Dooars condilions 
lor dual iriannraclur(‘. I'Ik* results wc'ie v<‘ry encour- 
iigirijL;. Henc(* lour clones wen* selected in 197() and 
inanulactuie was done* with dillerent percenlaoe of 
extraction of fines. d’h(' clones were TV 1 1, l A H), 'l'Vd9 
ar)tl 'l'V2() and the extraction of lines was la'\, and 29",) 
1 f)r <*ach clone. It was observed that tin* liii»her the 
percentage ol’ extraction ol' lines from thes<‘ clones the 
poorer lh(‘ (juality in (TIC teas. 

(d) Blending on Rains tea quality : A i^odi mi- 
nary blendin<( e.\j)eriment was initialed to assess the 
iniprovc'iiu'iit of rains t(‘a (|uality by mixing of clonal 
and jat tea in dillcra nt proportions durini* rains. I’or 
this experiment three popular d’oeklai releascxl clones 
and a Jat were selecletl. I he method of manulacture 
was (l/r.Cl. anti the math* teas were mixed in dilliMerit 
proportions and the litpiors of the made lc,i blend gave 
ciicouragitig results. 'Fhe samples wtat* tasted by two 
leading blending linns in India and the 'Focklai d'asters. 
f'rorn this experitnent it appears that inclusion of some 
clones even in a small (pjantity gives an ap[)rcciable 
Lkk)sI to the liquor characters of the bulk of tea manu- 
laclured during rains. T he experiment will be continued 
during the ne..\t manufacturing season. 


Extension Services 

(a) Tasting Sessions : In dili'ereiU areas 
India, 21) group tea tasting sessions, as arrangci 
Area Scientific ( !t)mmiltecs, were held for tht 
ol the planters. I his includes one group last 
at 'I ocklai, f’our group tastings wta e also held a 
mara lor A.'F.CI.L. gardens. 

Ihe 'Tea fasters visited 70 gaidens for adv 
rnanuIlK turing problems of iht' n'spt'ctive < 

(b) Seminars : Seven faigineering & Man 
ing S(Mninars held in N.f7 India were alteiKhcl 
'lea 'last CIS. 

(c) Tasting : Number of samph's iast('d dur 

year at I'ocklai : 
focklai samples 
Outside clonal samples 
Outsich' (‘xperimcntal samples 

~1 

Number of samples tasted duri 
year at Nagrakala : 

( llonal samples . . 1 

I'^xperimental samples . . J 

Garden sam])lcs . . / 

l2 



lUatarcIj Bcbclopnt^nt 


The trial of 45 cm prototype continuous tea roller at Bor barn 
T.E. showed very good results during the year. 

A 37 cm prototype continuous tea roller was also developed 
during the year. After some initial troubles it showed some 
improvement during the later part of the season. 

The commercial Disc Roller at Ilakhooli f.E. showed 
some teynporary improvements after some modifications, but 
could not be used regidarly. The commercial prototype Disc 
roller at Orangajuli was found to give good results as a 3rd 
roll machine during the end season but used to expose too many 
stalks. 

There has been some delay in the commercial production 
of the improved cutler attachment although the drawings have 
been finalised and approved during the year. ‘The commercial 
production of the improved B.L.C. has been started during 
the year. 

'The IritiT of the withered leaf preconditioner showed en- 
couraging results. Work on its further development is being 
done. 

Some work on 'Time & Motion study ivas done in colla- 
boration with (he Agricultural Piconomics Department. Work 
is also undertaken to find an ejfective method separating the 
stalks from orthodox tea. 


CONTINUOUS GREEN LEAF PROCESSING 
MACHINES 

Continuous Tea Roller 

(i) 45 cm prototype. The 45 cm prototype Conti- 

nuous Tea Roller remained under trial at Porham T.1'2. 
during the whole season and work wns continued for 
its further development with parlicnlar attcnti(jn to 
improve the first fines. Durint^ the early j:)ari of the 
season trials were made with dilierent adjustments ind 
combinations of vanes and battens etc., and ihcrel’ore, 
consistant results were always not obtained during that 
part of the season. Alter these trials, the best sett ini; 
^nd combination found that far was retained and hence 
dining the later part of the season the machine consis- 
tently showi'd vtay gootl result, and the leas manufactu- 
red in this machine were valued higher than the conven- 
tional orthodox teas as can l^c seen from the average 
valuations of the first fines and the C.T.C. teas trom 
the remaining bulk given by the I’ocklai TastiT shown 
ill table 9.1, Prom the table it is clear that while dur- 
ing the later part of the season the first fines from the 
Continuous Tea Roller were valued reasonably higher 
than the conventional first fines, the C.'E.Cf teas 
from the remaining bulk from this maf bine were 
almost invariably valued higher than the c(.»rresponding 
conventional C.T.C. teas. 


Table 9.1. Trial of 4.^ nn Prolatyln’ (l.T.R. A font lily avcrafie 
Vatunlions in li-lkfl fjrt'n by 'I ccUai 'lasler. 


Month 

„ — 

— .. 






(’otuent ional 


(loiivonlional 

Ajji’il 

10.00 

10.07 



May 

7.bl 

7.(ia 


— 

lunr 

7.07 

7.27 

a. 30 

7 . 50 

.Julv 

a. 10 

a. 25 

a . 7 1 

a. 32 

August 

a . -11 

a. 3a 

7.a2 

a . 50 

S-|>tcml)rr 

a. 42 

a. 23 

a . 3a 

a. 2 5 

C )f (ober 

9.20 

0.00 

a. 51 

a . lb 

Novtinbcr 

0 . 2 a 

0.22 

0.73 

0.77 

Sample.* 

; wcr<* .sent 

to commercial 4'ea ' 

Pasters. Un- 


foi Innately lasting reports were not la'eeived regularly 
after August and therefore the average valuation cal- 
eulatcd from the few reports ri'ceived lor October do 
not really give a true picture. I'liesc are shown in 
table 9.2. 


Table 9.2. 

Trial of 45 ci 
Rsikg fivcn 

n C.T.R : Alonlblv arcra^c 
by commercial Tea Taster. 

1 lim' C. r 

Oonven- C.T.R. C,< 

tional 

valuations 

Month 

Is 

C.T.R. 

. C. 

;)nvcnli('nal 

April 






May 

^ - 



— 

1 Line 

10.72 

15.4a 

I3.a7 

12.12 

J Illy 

12.31 

12.75 

11.00 

11 . av 

August 

It). 74 

10.74 

11.37 

11.33 

September 

— 

— 

— 


♦October 

i4.(>a 

17.20 

10 . (.a 

10. at 

Nt)veinber 

— 





♦J^asctl on a lew reports only. 

A few trials were also conducted to find out the 
percentage of dilfercnt grades ol)tained I'rom tiu! Conti- 
nuous Tea Roller both iti ease of 1 ()()*’', orthodox inanu- 
fiieturc as Vvcll as dual manufacture. Tlie comparative 
grade i)erccntagcs against conventional values of Bor- 
bam T.E. arc given in tabic 9.3. Phe comparative 
valuations cA these samjilcs art' given in table 9.4. 

(ii) 37 cm prototype. Trials were also initialed with 
the smaller, 37 cm prototype continuous tea roller, built 
last year and installed in tandem with the 45 cm pro- 
totype at Borbam 'P.E. early this year. Although this 
machine was siinillar to tlu* 45 cm machine, because of 
the scale clTect thc! initial performance was not of the 
standard of the 45 cm machine. Hence work on its 
further development was taken up and the machine 
was tried out with different modifications. These 
included change of the dimensions ol’ the annular 
space between the cylinder and the rotor, change 
of the number ami position of the vanes and 
battens etc. With these modifications the reudt 
showed some imj)rovcments no doubt, but were 
not consistent all through. It is expected that during 
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Tocklai Experimental Station 


Table 9.3, Grade percentages of C. T.R. and Conventional orthodox teas 


% Primary gradrs 

Method of T'CiFOP GFOP FBOP GFBOP (iBOP OF PD/Dust 



GfR 

Normal 

CIR 

Normal 

CTR 

Normal 

CTR 

Normal 

CFR 

Normal 

CTR 

Normal 

CFR 

Normal 

23.11.76 100% 

1.88 

4.45 

4.66 

4.16 

13.22 

13.30 

17.79 

16.32 

16.83 

12.15 

2.98 

3.02 

15.24 

14.02 

orthiKlox 
(3 lull) 
2.12.76 100% 

2.90 

2.10 

3.40 

3.20 

9.<K) 

8.50 

13.80 

11,60 

7.20 

4.80 

4.80 

3.40 

4.00 

2.60 

orthodox 
(3 roll) 
5.12.76 100% 

1.51 

0.85 

1.89 

1.02 

4.15 

2.20 

8.30 

2.37 

7.55 

2.20 

1.89 

1.36 

8.. 30 

4.07 

orthodox 
(3 roll) 

18.11.76 Dual 

10.91 

10.81 

7.82 

8.92 

12.73 

11.89 

16.73 

16.49 

10.91 

8.10 

2.90 

4.05 

7.09 

4.60 

10.11.76 Dual 

7.71 

6.67 

4.86 

4.17 

22.29 

25.63 

19.11 

20.83 

15.00 

13. .33 

7.14 

6.25 

6.00 

5.62 

26.11.76 Dual 

5.80 

9.20 

6.50 

5.20 

15.50 

17.20 

17.70 

18.00 

12.50 

10.40 

5.50 

5.60 

7.60 

5.20 


Table 9.4. Valuations in Rsjkg of C.T.R. and Conventional orthodox comparative grades. 


Mean valuations 

D.jU' Mrtlh)d of rt/FOP GhOP hBOP GFBOP GBOP OF Pl)/Dust for all grades 

_ 

Mil . CT'R Nor- CT’R Nor- CT R Nor- CT'R Nor- GTR Nor- CTR Nor- CFR Nor- CTR Normal 

mal mal mal rnal mal inal mal 


2:i.ll.7G 1U0% 6.00 7.00 6.50 7.00 6.50 7.00 6.50 7.00 7.00 6.50 6.50 7.00 — — 6.63 6.88 

orihudox 
(3 roll) 

18.11.7(» Dual 7.00 H.OO 6.00 6.50 6.00 6. .50 7.00 7.50 6.00 6.50 (i.OO 6.50 - - 6.44 7.04 

19.11.7() Dual 6.50 7.00 6.00 7.00 7.00 6. .50 7.00 6.25 7.00 7.00 6.50 7.00 7.50 7.00 6.88 6.65 


Note : The tasting reports on the samples of the other dates were not received. 


the next .season its problems could be sorted out to bring 
it upto the standard. The average valuations of the 
leas manufactured in this prototype given by the Tock- 
lai 'faster and commercial Taster arc shown in tabic 
9.5 and 9.6. 

Table 9.5. T rial of'M cm. prototype C. 7\ R. in tandem with 45 cm pro- 
totype : Monthly average valuations in Rsjkg given by T ocklai 
1 aster 


mumii 

C.T.R. 

Conventio- 

nal 

C. F. R. 

Convimtional 

May 

7.94 

8.44 





June 

6.50 

7.13 


— 

July 

7.95 

8.58 

8.17 

8,33 

August 

8.17 

8.00 

8.22 

8.64 

ScpU'mber 

7.50 

7.17 

8.37 

8.75 

Ot tobiT 

7.50 

7.50 

7.75 

8.25 

November 

7.50 

8.00 

7.54 

7.71 


Table 9.6, Trial of M cm prototype C. T.R. in tandem with 45 cm pro- 
totype : Average valuations in Rsjkg given by commercial 
Tea Taster. 


Date 

1st line 

C 

T. C. 

C.T.R. 

Conventio- 

nal 

C.T.R. 

Conventional 

21.7.76 

12.50 

14.00 

11.00 

12.00 

22.7.76 

14.00 

14.50 

11.50 

12.00 

24.7.76 

15.00 

16.00 

10.20 

10.50 

1.8.76 

10.40 

9.00 

11.20 

11.80 

11.8.76 

10.40 

10.20 

11,00 

11.20 


Disc Type Continuous Roller 

The Commercial unit of 122 cm (48"') Disc Roller ins- 
talled at Ilakhooli T.E. had some troubles due to some 


constructional defects. Necessary suggestions have 
b('en made to the manufacturers for rectifying these de- 
fects. Some ol these were accepted and temporary modi- 
fications were made.* 'fhis improved the machine only 
temporarily and therefore the machine could not be 
used regularly. 

The first commercial prototype 122 ern (48*) Disc 
Roller was under trial at Orangajuli T.E. According 
to a report from this garden the machine “was found 
quite suitable for third roll purposes only for orthodox 
manufacture. T he percentage of fines produced in this 
process was very satisfactory and there was a little more 
bloom in the resultant Disc Roller tea after firing’*. 
But the report adds that the roller was generating a good 
deal of stalk and therefore made the machine umuitable 
for orthodox manufacture at its present stage of develop- 
ment. 

Gutter Attachment for B.L.G. and Rotorvane 

I'he drawings of the Cutter Attachment as modified 
at Tocklai have been finalised by the licensees and have 
been approved by T.R. A. But the commercial pro- 
duction was delayed because the licensees could not 
make the stainless steel castings for the blades. In the 
meantime it has been decided to award two more li- 
cences for the manufacture of the attachment. Qjuo- 
tations have so far been received from one firm. 

Barbora Leaf Conditioner 

The commercial unit of B.L.G. modified at Tocklai 
for better performance and adaptability to the Cutter 
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Attachment was further trie I out by the licensees and 
the drawings were then finalised incorporating all the 
modifications necessary for its improved performance. 
After the drawings have been approved by Tocklai the 
commercial production has been started within the year. 

Withered Leaf Preconditioner 

The Withered Leaf Precondi doner was brought back 
from Dufflaghur T.E. and was installed at Borbam 
T.E. after necessary servicings at Tocklai. Withered 
leaf conditioned by this machine was rolled in the 45 cm. 
prototype Continuous Tea Roller by passing through 
it once only, and was compared with teas produced by 
conventional roller as well as by two passes through 
the 45 cm. C.T.R. The comparative valuations given 
by Tocklai Taster are recorded in table 9.7. 


Table 9.7. Trial of Withered Leaf Preconditioner : Valuations 
in Rsjkg by Tocklai Taster 



1st fine 



C. T. 

G. 


Pro 

Con- 

C.T.R. 

Prt- 

Con- 

c. r. R. 


condi- 

ventio- 

two 

condi- 

ventio- 

two 

Date 

tioner-f- 

nal 

pass 

tioner-fi 

nal 

joass 


C.T.R. 



C.T.R. 




1 pass 



1 pass 



a. 9. 76 

9.00 

7.00 

8.00 



— 


9.9.76 

a. 00 

8,50 

8.00 

7.50 

9.00 

— 

10.9.76 

7.00 

8.00 

— 

7.50 

7.50 

9.00 

12.9.76 

7.00 

8.00 

9.00 

7.50 

8.00 

7.50 

15.9.76 

11.00 

9.00 

10.00 

8.00 

9.00 

8.50 

16.9.7G 

9.00 

9.00 

8.00 

9.00 

8.50 

8.50 

18.9.76 

9.00 

9.00 

7.50 

8.00 

9.00 

8.50 

19.9.76 

8.50 

9.00 

9.50 

9.00 

7.50 

8.50 

'I'his 

table 

shows 

that the 

results 

of this 

trial are 


encouraging. But some difficulties were faced during 
the trials because there is no provision for adjustment 
of the gap between the rollers and becau.se the rollers 
which are made of wood chip off at the ridges of the 


helixes. Therefore the machine w^as brf)’ight back to 
Tocklai for replacement of the rollers and for making 
them adjustable to cope with different kinds of leaves 
and different degrees of wither. 

TIME AND MOTION STUDY 
In collaboration with the Agricultural Economics De- 
partment some work was done on Time and Motion 
study in the field and factory of Sycotta IMk during 
the year. Data were colliTted in the field on pluck- 
ing and in the factory on loading arul unloading of wither- 
ing troughs. These data were given to Agricultural 
Economics Department for analysis. 

SEPARATION OF STALK 
To explore the possibility of separating the stalks 
from orthodox tea l^y taking the advantage of the straight- 
ness of stalks in contrast to somewhat curled appt'arance 
of orthodox leaf tea, a model machine has been pre- 
pared. 'The separating grate designed with this prin- 
ciple could not work well when vibrated by a vibrator. 
Other methods of using this grate are being studied. 

GENERAL 

The Second Research Engineer continued to be in 
charge of the department and towards the end of the 
year he was designated Research laigineer and made 
the Departmental Head. Apart from his frequent 
visits to Borbam T.lv in connection with the trials of the 
Continuous Tea Roller and the Withered Leaf Precondi- 
tioner, he paid visits to 24 factories in connections with 
various engineering and manufacturing problems. He 
took part in eiglit Ifiigineering and Manufacturing semi- 
nars held by Scientific committees of diffident areas. 
He also attended one Engineering Sub-Cornmittcc 
meeting held at Tocklai. 





'The study on crop and rainfall suggests that if rainfall defici- 
ency is made up by irrigation during the dry cold weather period 
and adcqu'itc measures are taken to drain out excess rain water 
during heavy monsoons, annual yield of lea can be increased by 
about 22 per cent in Northern part of Binnaguri and by about 
52 per cent in Southern part of Nagrakata sub-districts of Dooars. 

Results obtained so far from the survey data on field manage- 
ment and environmental factors affecting the yield of tea in Dar- 
jeeling reveal that requirement and response in yield due to nitrogen 
depend very much on the angle of the slope,, aspect, elevation, 
soil type of the area, length of pruning cycle and on the age of tea. 

Crop-Weather Studies 

results obtained IVoni the study ou crop and rain- 
fall ('ala for iIk* Southern part of Binnai^uri sub-district 
was icjjorled in the Annual Scientific Report 1975-76, 
j)p. tj(J-lil. Similar study on erof) and rainfall data 
obtained lor the period 1957 to 1972 from the estates rc- 
pr(‘senlin!^ the soil-climatic conditions of the Northern 
pari of Uinnaeuri and Southern part of Nagrakata sub- 
districts of Dooars eontimu'd during the year. The ob- 
jective and mctliod of the study were the same as 
reported ('arlier. 

(a) Binnaguri Sub-district (Northern Part) of 
Dooars 

riu' typ(' of relationshij) between annual yield of tea 
and dilf<.*retit periods ( 3 f rainfall in the Northern part of 


Binnaguri sub-district is represented by the followi 
equation : 

Y = 41.3018 Rg T 17.3593 R 4 — 0.3220 Rj 
4- 160.2793 log,„R, 

-b 4.0177 R«— 2.2419 R^ -f 17.5972 Rg 
— 0.1166 R 2 

-f 27.7521 Ry-0.2274 R| 

—199.4246 ( 1 ) 

where, Y - annual yield of made tea in kg/ha; Rg, R^ 
R 5 , Rg, R 7 , R^ and Rg represent the rainfall in centi 
metre during Jannary-March, April, May, June, July 
August and September respectively. Rainfall during 
these seven periods together contributed about 90 pci 
cent towarcls the annual yield, whereas contribution 
due to rainfall during October (Rj) and November- 
December (Rg) of the previous season was not significant. 

The distribution pattern of rainfall and their relation- 
shif) with yield suggest that if rainall deficiencies are 
made up during cold weather by irrigation and excess 
water is drained out during heavy monsoons as shown 
in Table 11.1, the annual yield of tea in tlie Northern 
part of Binnaguri sub-district can be increased by 355 
kilograms of made tea/ha which is about 22 per cent of 
the actual yield recorded. 


Table 11.1. Rainfall distribution during critical periods and the estimated irrigation requirement with the corresponding expected yi eld 
Region : Northern part of Binnaguri sub-district of Dooars 


(’.riticnl period 


Rainfall in I’ype of 

centinaelre relationship* 



Irrigation rc(|uircm('nt .Vverage yield of made tf’a in kg/ha 

— — — VVilhout With irriga- Gain due 

Range Average* irrigation tion (Esti- to irrigation 

mated) 


L'liiuary 

Mart li 

1 

14 

7 

L(4 ) 

0-13 

7 

April 

1 

40 

14 

Uli 1) 

0-26 

13 

M.iy 

16 

71 

33 

log ( + ) 

Uneconomic] 


June 

56 

139 

90 

L( 1 ) 


J'fy 

53 

132 

97 

B(- ) 

Grain oui <‘xccss 

rain water 


31 

129 

76) 

i.Q.( ^ ) 

,, 



26 

78 

52 

6Q(+ ) 



'Total iirigation 

iiajuircmrnt 




0-39 

20 


^ L Linear, i.Q (.Quadratic and I.og -- E'.ponential. 


(b) Nagrakata Sub-district (Southern Part) of 
Dooars 

I'.xaminntion of tlu' data representing the soil-climatic 
conditions of Nagrakata sub-district showed that this 
sub-district could broadly be sub-divided into two parts 
on tlie basis of rainfall distribution, soil type and level 
of annual yield. Hence, the sub-district was broadly 


divided into two parts for the purpose of this study and the 
result obtained for the Southern part arc presented here. 

Equation 2 was derived from the set of data under 
study which depicted the critical periods, quantity of 
rainfall in each period and the nature of their relation- 
ship with the annual yield of tea in the Southern part 
of Nagrakata sub-district. 
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Y 54.09'?3 Rj- -9.7819 R| -1-42.80.56 R^ 

+ 18.6086 R,, 

-F 3-3769 Rj F 4.2612 R^ -F 20.9697 R„ 

— 0 0813 R| 

4 8-8343 R„ -0.1153 R| - 1485.4211 

(2) 

where, Y - annual yiekl of made tea in ki^/lui ; R.^, 

R4, Rg, R7, Rft and Rg denote rainfall in centimetre 
during November-1 )eceml)er of tht* j^revious sc'ason, 
and January-Mareh, April, June, July, Augirst and 
September of th(‘ current .sea.son resp('ctiv(‘Iy. Rain- 
fall (luring these seven periods together contributed 
about 97 per cent towards the annual yield, whereas 
contribution due to rainfall during October (Rj) of the 
previous season and May (R.-;) of the current season 
was negligible. 


'The distribution pattern of rainhill ami their relation- 
ship with yield suggest that if* rainfall deficienci('s are 
made* up during cold wc'ather by iriigation and excess 
water is drained out during h<‘avy monsocAns as shown 
in 'Table 11.2, tlu* annual yi(*ld of lea in the Southern 
part of Nagrakata sub-district can be increased by 573 
kilograms of made' tea/ ha whi('h is about 52 per cent of 
the actual yitdd n'corded. 

following important iK)inls need be stressed in the 
interj)relation and implementation of the al)ove re- 
sults. 

(i) (iain in yield due to irri Ration loould mainly depend 
on (he period oj inioalioHy (juanlity of ivater applied tn each 
period and drainini^ out the excess rain nmter during (he critical 
monsoon periods as shoivn in lahle.s II.l and 11.2. 


Tabl« 11.2: Rainfall disfribution during critical periods wd the istbnott d vrniaUon requirement mlh Kh l orrcdnndhoi expeited yield 

Region i Soutlurn part of Napjakala sob-district of D'mars 


Critical period 


Rainfall in 
rcntiinclrr 


c 

3 

J 

C 

S 


a 

3 

6 




'I'ype of 
relationship* 


I n igat i« »n rotini rcincnl 
((in) 


Rang(' Avcragi* 


/\v'< rag<‘ vicld of made tea in kg/ha 

W itJuMil With in i- ( iain (iuc 

irrigation gation (I’^sti- to irrigation 

mated) 


hQ( ^-) 


Not required ] 


2 lb 8 L( + ) 0—13 7 

(„ „) 0 30 13 L( + ) 0-30 1.3 

(,, ) 63 168 103 li ( I ) Uneconomic ] 

T, „) 62 182 112 I.(h) 

) 48 190 87 LC.)( I -) 

) 2(3 101 62 UQ(l-~) Drain out excess rail! water 


1103 


1676 


373 


0-13 


November to 
Derrinber (Previous 
season) 

January to 
fvfarch (Current 

season ) 

April 
June 
July 

August (, 

September (, 

I'olal irrigation requirement 
* I.I -- Linear and LQ ' Qiiudratic, 

(ii) The results presented here are related to the average 
soil-climatic conditions for the .Torthern part of liinnanfuri and 
Southern part of .hfagrakata sub-districts of the Dooars. 7 liere- 
fore, if irrigation is proposed for any individual estate, it should 
be based on by a careful examination of such factors as distri- 
bution of rainfalf soil type, depth of soil, etc., of the con- 
cerned estate. 

(iii) Irrigation and drainage requirements suggested in 
Tables II.l and 11.2 need to be tested by actual field experi- 
ments before large scale programme is adopted. 

Survey on Field Management and Environmental 
Factors Affecting the Yield of Tea 

Darjeeling, West Bengal : The object of this 
survey is to isolate the field management and environ- 
mental factors from long-term member estates’ records 
which affect the yield of tea and to estimate their indi- 
vidual relative contributions to thn^w light on the future 
advice and course of research for increasing the yield 
of tea in DarjeeJing and ultimately to build up models 
for different environmental conditions to predict the 
optimum input requirements for maximising the yield 
of tea crop. 


Some of the results obtained from this study were 
rcport(*d in tlu' Annual Scii ntilic Report lor 1975-76, 
pp. 61-62 aud furthci results obtained during the 
period arc rcpoit(‘d IxJow ; 

(a) Slope X Nitrogen : In order to find out the 
cllrcl of Nitrogen on the yield of tea at dilfenmt slopes 
ol' th(' s(‘etion, the sections wcae broadly divided into 
two groups, vi/.., area of the sections having slope l)elow 
30" (Cientle Slope) and above 30"" (Steep Slope). 

it was observed that response in yield from mature 
tea (above 7 years old) dm* to unit kilogram of Nitrogen 
depended very much on the slope of the section. At 
all the levels of Nitrogen iqjlo the observed maximum 
of 150 kg N/ha, responses per unit kilogram of Nitrogen 
were almost double in areas having gtmtle slope C(4m- 
pared to those of the stc'eper slope. Further, areas 
having gentle slo[)e rt'spi^nded to Nitrogen considerably 
uplo 120 kg of Nitrogen per hectare, whereas the areas 
having steep slope, the response was negligible beyond 
90 kg N/ha. 
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'I’liis result sut^^ests tfiat t(rcal(‘r the anisic of llic slope 
of the area, availability of Nitrogen to the plant is not 
unil’orin and the reason for (his niii(hl be due to washing 
of Nitrogen down the slope and also there may be some 
other reasons. I'his result also suggests that areas having 
gentle slope (Ix'low 30 ), ajg^lieation of Nitrogen upto 
120 kg/ha will be f)rofitable, wliereas areas having steep 
slo[)e (ab()\(' 30' ) i( is not likely to be profital;)le b('yr)nd 
90 kg/ha. 

(b) Age ■ Slope • Nitrogen : 'The response 

du(‘ to Niti’ogen was found to vary l)etw('en slope's within 
an age group and also amongst age' groups within 
a sle)pe'. lu r 3 <; 7 ye'ars olel tea, respe)nse elite te) 

Nitrogen was found (e) be eonside-rable upte) the obse-r- 
vetl maximum of 90 kg N/ha etn ge'utle sle)pe anel etn 
stee]3 slope it was u[)le) 60 kg N/ha. 'l ea e)l' l-% 1.") vears 
ejld rest)onel('el fjuite' well let Nitretge'U upte) the e)bse‘rve‘el 
maximum of 120 and 60 kg N/ha e)n gentle' anel ste'ep 
slopes respeelively. Further, it was founel that for 
above' If) ye'ars olel te-a, on ge'iitle slope, (he respe)nse in 
yield due te) Nitrogen, in gene'ral, was eonsiele-rable upto 
120 kg N/ha, while on steep sle)pe it was upto 90 kg 
N/ha. However, the return in yield I'roni unit kilogram 
of Nitrogen was always higher on gentle slope than the 
steep for all ages of tea and it decreased with the increase 
in age. 

These results, therefore, indicate that the response in 
yield due to Nitrogen depends very much on the angle 
of the slop(' of the area as well as on the age of tea. 

(c) Aspect X Nitrogen x Age ; Flfcct f)f Aspect 
X Nitrogen x Age on the yield of' made tea/ha for above 
60 years old tea was reported in the Annual Scientific 
Report, 1973-76, p. (>2. Here the eOect of tlu'se lactors 
for other age groups is re|)orted. 

(i) 7 15 years old tea : At (his age group 

suHicieni data wi're not available for different aspects 
for analysis. However, some data were' available for 
North, South aiul West aspects. 'Fhe results suggest 
that on North and South asjjects, a{)plicalion of Nitio- 
gen beyond 60 (45 < 75) kg/ha may be profitable and 

on West aspect it is liki'ly to be profitable upto 60 kg/ha, 
but beyond that it will not be [)rofitable. 

(ii) 15 <^25 years old tea: Analysis of the data 

were carried out for North, I'.ast, South-east, South 
and West aspects, because some data were available 
for these aspects only, whereas for other aspt'cts, there 
was practically no data for this age group. 

The results indicate that on North, South-east and 
West aspects, application of Nitrogen upto 90 kg/ha is 
likely to be profitable, wln'rcas on East and South 
aspects, it may be profitable even beyond 90 kg/ha. 

(iii) 25- <40 years old tea: For this age group 
data were available for analysis for five aspects only, 
i.e., North, East, South-east, South and South-west 
aspects and the maximum Nitrogen applied was 60 


(mid value of 45 5^75) kg/ha except on South aspect, 

where the maximum was 120 (mid value of 105 -< 135) 
kg/ha. On all tlu'sc' aspects, the return in yield from 
unit kilogram of .Nitrogen at 60 kg/Iia w'as considerable, 
but it was found to vary from aspect to aspect. 

'flu' results indicate that on North, East and South- 
east aspects, application of Nitrogen beyond 60 kg/ha 
is likely to Ix' profitable; while on South aspect 
it may be profitable upto (lie observed maximum of 
120 kg/ha. 

(iv) 40 60 years old tea: 'fhe findings suggest 

(hat when the t('a bushes are 40 'XOt) years old, on 
fZ-ast, South and South-east asjx'i ts, application of Nitro- 
gen upto 90 (mid value of 75 <105) kg/ha may be 

profitabh', whereas on otlu'r aspects, i.e.. North, North- 
east, Soulh-vs'cst. Wi’st and North-w'cst aspects, appli- 
cation of Nitrogen bi'yond (iO kg/ha may not be profit- 
al)le. 

(d) Elevation : : Nitrogen < Age: fdlect of Eleva- 
tion - Nitrogen X .Age on (he yield of made tea/ ha 
for above 60 years old tea w-as reported earlier (Annual 
Scientific Report, 1975-76, p. 62). Here the cOect 
of these factors for other age groups is reported. 

Response in yield due to Nitrogen varied from ele- 
vation to elevation within an age group and also within 
an elevation amongst age groups. It was also found 
that higher llu' eh'vation lower was the return in yield 
from unit kilogram of .Nitrogen at all levels of Nitrogen 
and age grou|)s. 

For each age group results are summarised below. 

(i) 7 <15 years old tea : At elevation upto 

305 m (ui)lo loot.)') increase in yiekl/ha due to Nitrogen 
was directly proportional to (he increase in h'vel of Nitro- 
gen upto the obsc'rved maximum of 120 (mid value of 
105 cH35) kg/ha. At ('levation 305-<1220 m(10()0' 

— <.400()'i, .Niti’og(‘n was applied only upto 60 (mid 
value of 15 ■ 75) kg/ha .uid u|)to this levx'l ri'turn in 

yield Ifom unit kilogram of Nitrogen was found to be 
eonsiderabh'. i\t (‘levation 1220 <1525 m (4000^- - 

:-5000'), yi(‘ld inei'('ased upto the obs('rvcd ma.ximum 
of 90 (mid value of 75 105) kilograms of Nitrogen/ha, 

but the return in yield from unit kilogram of Nitrogen 
decreased (onsidcralily at flO kg/ha. 

'Fhese results sugge^st that at elevation upto 305 m, 
application of Nitrogen upto tlu' observed maximum 
of 120 kg/ha will be profitable, f’urther, at (4evation 
305 <915 m, application of Nitrogen beyond 60 kg/ha 

may be profitable, wln'ieas at I'Icvation 915 <1525 m 

it may not be profitable beyond 60 kg/ha. 

(ii) 15- <25 years old tea : For this age group, 

the results indicate that at elevation upto 305 m, appli- 
cation of Nitrogen beyond 120 (mid value of 105 135) 

kg/ha may be profitable, whereas at ('levation 305 < 

1525 m it is likely to be profitable upto the observed 
maximum of 90 (mid vahu' of 75 105) kg/ha. 
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(iii) 25 <40 years old tea: 'I’hc results tor this 

age group suggest that at elevation upto ‘M)r) in, appli- 
cation of Nitrogen beyond 120 (mid value ol' lOo < 
135) kg/ha will be proli table. VVlua'eas, at elev'atioiis 
305 — <610 in and 610 <915 m, it will be profitable 

upto the observed maximum ot” 120 (mid value of 105 
^>135) and 90 (mid value of 75 <105) kg/ha rt's- 
pcctively. C9n the otht‘r hand, at elevation 915 1525 

m, it may not be profitable beyond 60 (mi l value of 
45 -<75) kg/ha. 

(iv) 40 <60 years old tea: 4 he maximum of 

120 (mid value of 105 <135) kilograms ol' Nitrogen 

per hectare were applied at (‘levation upto 1220 m and 
at elevation 1220 — < 1525 m, it was 90 (mid value of 
75 <105) kg/ha. 

4 he hndings suggest that at (‘levation ujito 305 m, 
application of Nitrogen upto tlic observed maximum 
of 120 kg/ha will be profitable, whil(‘ at eh'vation 305 - 
<1220 m and 1220 ‘-'16!50 m, it may not be |>rofi- 

table beyond 90 and 60 kg/ha respectively. 

(e) Age Soil Type : In order to study the 
eflect ol'age on (he yi(‘lding capacity of t<‘a bushes under 
difTerent soil types, sections of' all the t(‘a ('st.Ues in Dar- 
jeeling W(!re broadly dividi'd into two soil types, i.e., 
I^ight and Heavy soils. 54eld pei‘ liectaK* harvested 
from tea bushes planted on both the soil types was found 
to rise steadily with tlu' increase in age upto about 35 
years. B('yond that ag(‘, yield of tea [ilauted on Heavy 
soil decreased rapidly upto abtnit 55 years and thereafte r 
it became more or k‘ss steady, wheicas tea plant(‘d on 
Idght soil the decrease was ra|)id upto aliout 70 years 
old and then it was more or less steady. I hough the 
decreasing trend in yield on Fight soil lasted longer 
than that on Heavy soil, but tea plaiitee.! on Fight soil 
gave higher yield pe‘r he'ctare at all ages as compared 
to that of tea planted on Heavy soil. 

(f) Age < Soil Type v Nitrogen : ()ti Fight type 
of soil, maximum ap|)licatioii of Nitrogen was found 
to be 120 kg/ha at all ages above 7 years old tea, wheie as 
on Heavy soil it was 90 kg/ha or below. It was interest- 
ing to note that on Laght soil, response in yie'ld due to 
Nitrogen from 7 to 60 years old tea was considerable* 
upto the observed maximum of 120 kg/ha whereas, above 
60 years old tea gave poor response at this level, f ur- 
ther, above 7 years old tea planted e^n Heavy soil res- 
ponde'd well to Nitrogen upto the observed maxiimim of 
90 kg/ha or below. But, the return from unit kilogram 
of Nitrogen gradually de'crexised with the increase in 
Nitrogen level and also with tlie increase in age on both 
the soil type's. From tlie re'sults it was clear that in 
general, at all ages and levels of Nitrogc i, te i plantexl 
on Light soil gave more return from unit kilogram of 
Nitrogen than that planted on Heavy soil. 


Ihe.se re'sults, therefore, indieate* that when the tea 
buslu's are plantexl on Fight soil and the age of' the bushes 
are bctwe*en 7 to 2o ye'ars, aj)plie'ation of Nitrogen above 
120 kg/ha anel when the* bushes are between 25 
to 60 years old, application upto 120 kg/ha (mid valuer 
of 10.) <135 kg/ha) is like'ly to be profitable. But 

when the bushes are abov'e* 60 years old, application 
be yond 90 kg/ha (mid value of 75 < 105) may not l)e 

profitable. On the other hand, w4ien the tea bushes 
are on Heavy .soil, at all ages of lea above 7 years old, 
application of Nitrogen uj)to 90 kg/ha may be profitable. 

(g) Pruning Cycle x Nitrogen : It is interesting 
to note that for above 7 years old tea, 3-year IVuning 
( <ycle‘ g.ivt* highe'st yield/ha and the lowest yield/ha 
was obtaine'd from 7 year and above 7-year Pruning 
( lyeles. Furthe r, the* res])onse in yie'ld due* to Nitrogen 
was also found to vary with the length of the Pruning 
Oycle*. 4’he yield /ha from 2, 3, 4 and 5-y('ar Pruning 
(\cle*s increa.sed with the increase in Nitrogen level 
upto the* obse'i've'd maximum e)f 120 kg/ha. Also, the 
re'turn in yield from unit kilogram of' Nitrogen was con- 
siderable upto the obs(*rved maximum on 120 kg/ha 
I'or the's(' cycles cxc(*pt for 5-ycar Oyclt* wlu’re it was 
ne'giigiblc be'^ond 90 kg/ha. Maximum return from 
unit kilogram of .Nitroge'n was obtained from 3-year 
Pruning ( dycle' at all tlu* obsi*rved l(*vels of Nitrogen, 
i.e., upto 120 kg/ha, f'ollowe 1 by I -year and 2-y('ar 
Pruning ( !y('l(*s. Whereas, for above* 5-y(*ar Pruning 
(lyclt*, re'sponse* due* to Nitrogen beyond 60 kg/ha was 
ne'gligilile. 

4'he*.se r(*sult.s, the'ref'ore*, cle*arly sugge'st that aveiage'd 
over all e*levati()ns and aspects, in order to obtain the* 
maximum yie*ld/ha, 3-year Pruning Clyde should be 
adojited. 4’hese results also suggest that considerable 
return in yield from unit kilogram of Nitrogen may be 
obtaine'd Irom 2, 3 and 1-year Pruning (ly( lc*s beyond 
120 kg/ha. 

Help to Other Departments 

The Department continui'e^l to extend co-operation 
and help in solving statistical |)roblems encountered by 
re*se*areh workers of practically all the Departments of 
the* Station. Field and laboratory experimental recorels 
for 1976 on compule*riseel ])roforma ])oured in practi- 
cally from all the l e'search departments and from the* tea 
estate's of North Faist Inelia. During the* year e*xj)e*ri- 
mental re'corels of 309 expe*rime'nts for tiu* years 1974- 
1976 were punched, varifie'd and updatc'd. Fighty one 
analyses of the cxpe'rime*nts e'onductc'd during the perioel 
1971 to 1976 were unelertaken anel computations of 
these w'cre carric'd out on the Unit Record M ichine's 
at 4’ocklai. In aeldition, pre'liminary computations of 
r-)arjecling Yield Survey data and calculation of ae count- 
ing jobs were afso carrieel out on these machines dmdng 
the year. 
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One hundred ninety six analyses of llie response 
surface data from NFK experiments eondueted in dilfe- 
rcnt soil-climatic regions fd North f'aist India, corres- 
ponding soil test crop correlation for 1974, 1975 and 

1976, and data from Systematic I 'an Design experiment 
on spacing are in progress. Several [)ix)grammes were 
written in KOK'I’RAN IV language for carrying out 


computations of these experiments on the IBM 370 
electronic computer at 1.1. 4’., Madras and the statis- 
tical interj)retation of these results are also in progress. 

A number ol experiments were planned and designed 
during tlu‘. year, besides olfering advice to a number 
of studimts and research workers frf)m Assam Agricul- 
tural Univ{‘rsity on design and analysis of experiments. 



Benefit Evaluation of longer pruning cycle has shown that longer 
pruning cycle increases revenue through higher yield and more 
early crop. This benefit of longer pruning cycle over annual 
prune ranges from Rs. 310 per hectare to Rs. 1172 per hectare 
in Assam Valley^ Rs. 130 per hectare to Rs. 1700 per hectare 
in Cachar and Rs. 372 per hectare to Rs. 1472 per hectare in 
Dooars. Similarly prophylactic spray against red spider infest- 
ation shows a net gain of Rs. 1139 per hectare. 

(Jomputalions of fixed and variable co.sts showed that seven 
gardens in Assam Valley who responded to a (juestionnaire had 
the Break Even Yield of 978 Kg.fla. Preliminary studies on 
Motion and 'l ime Studies have indicated significant possibilities 
of increasing labour productivity of plucking^ loading and un- 
loading operations. 

1 . Benefit Evaluation of Tocklai Recommendations 

The departiiient coniplclccl two beneht ( valualious 
of 'I'ocklai recoinmeiulatious during the yt'ar. 

1. Adoption of longer pruning cycle. 

2. (-onlrol against Red SpidcT. 


(a) Economic Evaluation : longer pruning cycle 

Cost benefit evaluation of longer pruning cycle was 
undertaken in collaboration witli the Advisory Depart- 
inenl. 'The object of the study was to evaluate the 
beneht arising from longer pruning cycle over annual 
prune in 'Tea districts of N.E. India, other than - Darjeo 
ling. 

Experimental Data-Yields recorded in Estate experi- 
ments conducted by Advisory Department, in dilferent 
areas of the region during the period 1968 to 1972 were 
subjected to economic analysis and the- results are given 
in Table 12.1. 


Table 12.1. Mean Held under dijjerent gt lining eyile and gercenl im reuse 
over annual f/rune. 

Mean Held of Made tea {kgllla) under pruning eyeles 

Annual l.nngcr IVr rent 

Prune (Isele iiurease 

((’ontrol) _ 


Cyc:le 

fJVeatinent) 

Assam Valley 

Prune - Deep Ski It 
Prune — Light SkifT 
Prune — Light Skill- Deep Skill 
Prune - Prune - Light Skill 

Cachar 

Prune — Deep Ski IT 
Prune — laght Skill' 

Prune — Medium .Skill 
Prune — Medium .Skill' — laght 
.SkifT 

Prune — Light Skill' Mediuni 
.SkifT 

Prune - - Deep Skill' — Medium 
Skill' 

Prune -- Medium Skill' Deep 
Skill' 

prune - Deep .Skill M<'dium 
Skill' Level oir Skill' 
Prune — Medium Skill' I.evel 

olT .Skill Level oil Skill 
Prune — J.<*vel olT Skill Level 

olT AkilT- Level nlTSkilT 
Prune — Unprune Unprunc 
- Unprunr' 

Dooars 

Prune - — Deep .SkifT 
Prune — Light SkifT 
Prune — Medium .Skill' 


191(i 

2039 

<,.41 

1 :m 

i:)l() 

9.53 

1 :m 

1 .339 

11.19 

1384 

1 191 

7.91 

1418 

1470 

3.<»(i 

1433 

l(i()4 

14.32 

It) 70 

1923 

13.47 

1098 

1970 

1<,.01 

1098 

1 908 

12.30 

I(.98 

1983 

1().78 

1()98 

1891 

1 1 .34 

1311 

M20 

8.31 

1311 

M(»7 

1 1 . }f9 

1311 

1()31 

23.93 

1311 

U')20 

24.02 

1177 

1 702 

13.23 

1477 

1702 

13.23 

1177 

1()18 

11.37 


^canomics 

Economic Benefit I E.conomic gains cd' longer priming 
cycle over annual prune are rcdlc'cted in three forms : 
(i) Increasc-cl Annual drop. 


(ii) Higher fairly drop. 

(iii) More* Erodiietion of 2ncl Mush d.roj). 


The henehts derivc*d lVe)m thre 

(' distinct iaelors are 

given below ; 



Eaetoi 

Henehts 

Remarks 

More t otal droj) Increased Reve - 

riu re may be at 

nue 

drop in cpiality in 



va tying dc'grecs. 

Large*!' Early drop Saving in Inte- 

aiideonseqnently of 

(Realisatic^n ol rest 

sale |)ric:e, of un- 

Sale* 1*1 ice earlier) 


I^rune, light skilfand 

Higher Sc*c:ond- 

Higlu r Unit 

mcMium ski IT tea, 

f'hish drop 

Value 

but the over all net 



gain here also will 



be significantly high. 

Ihe incrcast* in 

annual crop 

adds to the revcmiic^. 

'I'he benelit is the contribution which is ilit* difference 

bctwe(*n the sale price and the variable cosls in growing, 

m a nil I'ac t u r i n g a nc 1 

marketing of lea. Henefil from 

crop increase is given under fabh* 12.2. 

Table 12.2. licnejil from t '.rop Increase under longer pruning eveles rritfi 

eontribution 

vai ying InUveen Rs. 

2/- to Rs. 3/- per kg of made 


tea. 


C^yclc Dilhrcncc 

ill Averagr* 

Clout! ibutioii lor Marginal 

Yic-ld 

Uonh'ibution 

ifluru on pruning of 

Kg./Ha. 

un Rs. 4.89 

made tea/l la. 



@ Ks. 2/- @ Ks. 5/- 

Assam- 



Valley 



V D.S 123 

(iOl 

240 015 

P L.S 132 

015 

2<i4 (,()() 

P LS - D.S 1.3.3 

738 

310 775 

p P--1.S no 

33fi 

220 530 

Cachar 



P I )S 32 

23-1 

104 200 

P l.S 211 

1032 

422 1055 

P MS 233 

1217 

310 1273 

P MS LS 272 

1330 

311 131)0 

P LS MS 210 

1027 

120 1030 

MS 2}i3 

1 394 

370 1123 

P MS-^DS 19(i 

938 

392 980 

P DS MS 



- LVS 109 

.323 

218 515 

P MS LVS 



lA S 13<j 

7<.3 

312 780 

P LVS 



IA S LVS 340 

1(,<,3 

<»80 1700 

P UP- UP 



IP 313 

1 3 10 

<,30 1575 

Dooars 



P -DS 223 

1 100 

150 1125 

P LS 223 

1 100 

4.30 1123 

P MS 171 

83<i 

312 833 


■".Xx erage cnntnbul inn < alcul.tted iVnm !i() gardens of Xnrili P.ast India. 

Higher Unit Value : 'flu- higli(‘r unit valut' oftc^a sold 
in dalcutta Auction Market for the period 1971 to 1978 
only was taken into account and be neht was calculated 
for dilferent regions under dilfe rent pruning e ycles. I'he 
beneht c:alculated was Rs. .526 |)er ha in .Assam Valley, 
Rs. 289 per ha in dachar and Rs. 352 j)er ha. in l)e)e)ars. 
Interest Saving ; The largc-r early c rop helps in realis- 
ing the sale price from the extra ere^)) at lexist twe) niontlis 
earlier. A saving of two months interest at 12”y per 
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annum was calculalcd foi- diOrK'nl rci^ions under prun- 
ing cycles anil the benefits range IxMween Rs. 17/- [)er 
ha to Rs. .52/- piM' ha. 

d he overall benelit taking all the three heads logelhi'r 
was Ibtind ranging betwei ri Rs. 510/- [X'r ha to Rs. 1 1 72/- 
per ha at diflerent levels of nuuginal return in Assam 
Valley, Rs. 150/- pi'r ha to Rs. 1700;- per ha in 
daeliar and Rs. 575/- pia h.i to Rs. 1172/- ha in 
Dooars. 

2. Economic Evaluation Control against Red 
Spider : Red S[)ider .Mite is a wide spread pest ol lea 
in North I'kisl India. More li'a is lost dui' to the attack 
of red sj)id(‘r than any other pivst. Aeeording to esti- 
mates at least liair the area under t(‘a is inli sted by red 
spider in diflerent degices. 

Experimental Data ! In the Annual Repot t of the 
Entomology J)(‘|)artment 1071-7.5 ( P. ;i5) the rt‘suhs of' 
a direct (‘stimation of the potential yield loss dui* to red 
spider and the eflecL of projthylaetie spraying on yield 
were r('j)orted. A jilot of 150 busluvs was selectt'd and 
spraying was done in May, ’74 with Keltham^ 10.5 Iv.d. 
at 0.25",, eonct'iitration. Anotlu'r plot of similar si/e 
was k(‘|)t unsprayed as a control plot. Aft(‘r one week 
of spraying, tin* dat.t fioni two plots, one sptayerl and 
the other unspia\<“d, weic' recoith'd weekly till the (aid 
of Oct. 74. 1 he r('sull.s show a < umulative gain of 11/’,, 
in the (aop at the end of (he obs<avation pcaiod. 1 he 
observations wtai* takiai tor a fixixl pca icKl to gta a jtreli- 
miiiary idt'a of probabh' lx ru fit. 1 he data arc; givaai 
under I'abh' 12.5. In .i study rejxirttal in Tivo and A 
Bud, March, h^) issue the ( umulativt' gain was found 
25",,. The present study shows a gain of 14/’/, 

Table 12.3. I 'uld Mcuh' Im htnn hilihaur hnclul tuid nnhraUil 
had I ft find L^fiiti in yirhl h'.[diit 

(amnil.'Uivc yij-ld 


Period 

Keliliatie 
ireaU'd ploi 

( lotilrol 
plot 

( ’.uiriul.'iii\ 

( iain ill 5'i 

M.iy 

1 II 

d() 

55 

1 11 tie 

55() 

573 

().5 

T'ly 


552 

87 

August 

I'mSU 

7LM 

15() 

Sf'pteinlxr' 

1 101 

0(,(, 

158 

Octulier 


1 101 

17‘) 

(Iroj) Haiti 

(lutiliL; die period 

17!) ; 1285 

100 II.OO*',,. 


Economic Benefit : 4'he economic Ixaielit is the gain 
in yield from tht‘ treated [dot over that of untr(‘ated 
plot. I’hc net biaielit will l)e extra crop di'ducting the 
cost of mat(aial and labour used in the treatnuait. For 
the prestait calculation, the normal actual yield is taken 
at 1500 kg/ha. I’hc gain in yield at 14",, would ecptal 
to 182 kg/ha by prophylactic treatment. I’he actual crop 
sa.V(‘d would depend on the actual .iverage yield in each 
section of each estate. 1300 kg/ha is taken as the av(*- 
rage yield of tea in 1075 of N.E. India. 

Spraying Expenses I Normally the prophylactic treat- 
ment is rccjuired only once in a yt'ar at the beginning of 
the season. Flic following ex[x*nses relate t<T one hectare 
of about 4600 bushes and one application. 'I’hc spray- 


ing expenses consist ol’ the wage's for spraying labourer 
and helper for one day (2 mandays), 14 liln's of led ion, 
5 litre's petrol for running 1 spraying machine for one 
day and llu’ dcjin'ciation of sprayers. To cover the 
cost of buying and storing, 28/’;, is addtM to the cost of 
materials; fringe benefits at 94"„ of daily labour wages 
of Rs. 4/- is included in the cost; and an overhead at 
150",, on labour wages is also included. The total 
cost of Rs. 151.88 (or say 155/-) per hectare of 4600 
buslx's is detailed under tabh* 12.4. 

Tabic 12.4. dost of Spraying per I let hue hiuhes). 


linn 

( luandty 

Rale 

.\inounl 

Rs. 

1. Labour 

2. Mandays 

Rs. 1/- [>lllS 
!)1% 

15.52 

2. Lcdioti 

5. Pclrol lor dri\ - 

1 .25 I i ires 

Rs. 50/- pins 
28 

80.00 

in.H ^pravcis 

5 lilivs 

Rs. 5. .50 pins 
28 ‘5, 

15.14 

4. 1 )« |)arc( iation 

2 machine 

Rs. 4/- plus 

5.12 

ol sprayer 

da\ s 

2HA, 


5. ( )s crltcad on 

labour ( 

Ks. 11)/- 

15(L\, 

20.80 

154.88 

or say Rs. 1 55/- 


Benefit Calculation 


for the pK'sent exercise an average selling pi ice of Rs. 
11/- per kg, and a variable cost of Rs. 4/- jx’r kg are 
adoj)t('d. 4'h(' main saving is in tlu' extra tea produced, 
which as s('en ('arli('r is M",, of the avasiage production 
[)er hectare. I'he savings in terms of money would be 
‘Tlonlrilmtion” made by tlu; production savcxl. Sinci; 
the fix('d c'X|X’ns('s per hectare remain unalteri'd: the 
contribution etjuals tlu' sale price of the tea rcducc'd by 
the vai'iable exjx'nsi.'s siu h as plucking, manufacturing, 
packing cas(', exerci.st* duty, selling and freight expcns('s, 
the latter totalling Rs. 4/- per kg with a sale price of 
Rs. 11/- [X'r kg, the contribution is Rs. 7/- per kg. 
I4ie computations arc' summarised below : 

Benefit of prophylactic spray against red spider 
per Hectare 

1. Extra tea made per lu'ctare 182 kg 

2. Saving at Rs. 7/- per kg. Rs. 1274.00 

(Sale [)rice Rs. 1 1 Rs. 4/- 

variable (lost) 

5. Deduct Expenses Rs. 155.00 

TU. 1154.00 

I'he margin of saving shows a substantial benelit of 
Rs. 1159/- per hectare' per year without taking into 
account the interest accrual on this amount which would 
add another Rs. 64/- at 10^’,, per annum. 

While the (piantitk s will not vary much, expenses 
and benefits will vary from time to time depending upon 
the price prevailing at the time of observation. The 
expenses may vary within a range, but the figures used 
are averages of expected expenditure. This will not 
materially all'ect the conclusion drawn. 
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Benefits to the Industry : Rod spider attack is esti- 
mated to cover atleast half ol' the area und(>r tea with 
varying degree of infestation. I'Ik' area under tea in 
North East India is approximately 2,75,6d() lia. If 
the whole area has to he prophylaetically sprayed in 
order to save tlie crop, this would cost the indttstry a 
sum ol Rs. d7 millions at Rs. ISf)/- poi ha. Hut tin* 
benefit that can be expec ted at half of the above maxi- 
mum ol of normal prodm ilon i.e. 7^\, of 389 

million kg would be 26.81 million kg of tea which a( 
Rs. 7 per kg c'oidd give a net benelit to tlu' industry 
a sum of Rs. 188 millions. 


3. Break Even Yield in relation to cost compo- 
nents : l])uring the yc'ar under rc'vic'w, sludic^s 
had been undertaken on the im[)act of various compo- 
nents on the level ol yiedd below which a sec tion becomes 
unprorual)ie. before the data is pre.sentcal, it is worth- 
while to presc'Ut some dcfmitions and concepts. 

Fixed and Variable Cost : I'dxed and variidih' costs 
are the results ol tlu‘ analysis in a particular manner 
of result oriented expenses. 

(a) 4ixed expenses lemain signilicantly unchanged 
even though the result, pi'oduct or benelit, changes 
significantly but within certain limits. 

(b) Semi-fixed expenses remain fixed within certain 
limits but changes at each step of the limit, btil not [)ro- 
portionate to the rc'sult, product or bcTielit. 

(c) Variable expenses change significantly in tlu* 
ratio of the result, jiroduct or benefit. 

'I’he total expenses of an activity can be broadly 
divided into fixc'd and variabh' with r<der('ncc‘ to the 
relation with the result or product. 

'I'olal Isxpenses - Fixed -f- Varialile 
fl' O.. is the cjuantity of the product 

Unit Cost Exixmses I'i.xcd Ivxpense 

Q ^ Q 

Variable Expense^ 

Q. 

Using Symbols 

u , V 

Cl Q, Q 

Since variable expenses vary signilicantly with pro- 
duction it would mean 

V Vi V.. 

Q Cl. 

Hut since f remains significantly unchanged when O 
varies, the fixed cost per unit of produc tion. 

> -p- — etc. will be dilferent at dilTerent 
levels of yield. Thus, to restate : 


(i) Variable expense's vary with vedume ol |)i-oduc- 
tion, but the* \ariable unit cost tends to be fixed 'or cons- 
tant). 

(ii) f'ixt'd expenses remain constant tor fixed) but 
the fixed unit cost tends to vary. 

Break Even Concept in Tea Plantation : Break 
I’A'c'ii Uoneept is basic ally eonec'i lu cl with finding tlie 
])oint at whic h ic'vc'tuK' c-cjuals cost. .\t this point, c'alled 
Hrc-ak Evc'ii Foint ilU'iP), the- value' o( inj)iit factors are 
ecpial to the' outj)ut. It is a convenic'nt tool in mc'aur- 
ing llic' elleet ivc'ness of planning and control vi/.-a-vi/ 
with what othc'is aie doing, with rc'spc'ct to individual 
scgmc'iils an enlerjuise and also the* entc-rprise as 
a whole*. 

I hc' Hi'c'ak-c'va'u fourmidae arc*; 

{!) Hi:i> 

\' 

' -s 

( 2 ) 

F I'ixc'd dost. 

V Variable Cost. 

S -Sale' Price. 

'Fhe profit is made only by the units above thc! BEP 
and if produc tieni falls short of' the h'vc'l of J^EP, lo.ss 
acenu's. By knowing the numbc'r of' units made and 
sold al)r)v<' or l)elow BE>P the cjuanium of |)rofit or lo.ss 
made' can bc' ascerlainc'cl. 

Break Even Yield 

TIu' above gc'neral c'onca'|)t c an be ap))li('d to a varic'ty 
ol circumstanc e's in l ea Plantation Indiisti )'. ( )n(‘ 

spc'c'ifie apj)Iic xition was shown in an article jiublished 
in Pwe^ .\ncl A Ihid" (Vol. 2, Dee., Tfi), tf) dc'icrmine 
the Bic-ak Evc'ii N'ield (Bf'A') of an c'stalc* or any sc'clion 
of an estate. 


Brc'ak Evc'ii Yield may bc' defined as tliat yic-ld per 
hectare' of the e'statc* or a se-elion of the* estate', at which 
no profit or loss is made-. I laving elc tci mined tlic Bf’.Y 
it is a simple* matter to aseertain the jn'ofitability or 
otherwise* e)( an estate*, or a sec tion, l)y ee^mf)aring the 
actual yield with the* Bl’Af 

'I’he departme'ni eollc'eted data about li.\(*d and vari- 
able* e'xpeuse's, ave'rage* sale price* and sale'able tea made 
from 26 gardens of the* plains of N.E. India for the vear 
197.3 with the Re'jiivenalioii (juc'st ionnaii e*. J'he data 
showcxl eonside*ral)l(' dive*rgenee.s in the* epiantnm of 
fixed expense's as a ratio of total eosi. After detaik'd 
scrutiny it was found that oidy 7 re'plie*s could l)e used 
for further study, 2 fVeim Nm th Ikmk an .3 from South 
Bank of Assam V'^alley. 
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» 1 ocKLAi Experimental Station 


Computation of BEY of 7 Gardens of Assam Valley 


Average \’icl<l 
Salt- Price 
Eixecl ( lost 
Variable (losi 


1521 kir/lui 
Ks. 1 1 . pev ko 
Rs. 4.H9 i)cr k^ 
Rs. :E7() per kir 


BEV 


Fixed Ex|)eiises |)er ba I’’ 

( Sale Price Variable ( iosl) 

Per k^. 


1524 V 4. 89 
(11.42 4.70) 


978 kir 


One of (be most important nses of BEYi.s to jn(l)L^(‘ tbe 
economic vialiilily and profitability of (be estate as a 
whole or of any section. 

4. Motion & Time Study : Dnrint; May to July, 
1976, tbe di'partment undertook a pilot study on Motion 
& l ime Study in tbe field and factory of two nearby 
estates. Plucking, loading irreen leaf* into witberinir 
troui^b and unloadini>- tbe witbeix'd bxif from witberint( 
troughs were studied to a limited extent. 


(a) Plucking : In cas(' of plucking it was found 
that 2 hours v)0 minutes were w'asted or spent on tbe 
unproductive work i.e. about 40'\, of tbe total time. 
'I'he variation was found in b(‘tween sections 
and within sections among pluckers. 

1 be observations on yield from 8 sections were taken 
bctw’ecn May and July, ’76, kee[)ing in view tbe spacing, 
jat, pruning Inxitment, round of plucking, plucking 
type and agv of tb(‘ bushes. Each time 5 pluckers w'ere 
engaged for plm king for 40 minute's at tbe fixed time on 
difleremi days. 

4'be de|}artment arranged a study on 15 estates, 12 
in jorbat c ircle and 4 in Dooars lor tbe period June to 
September 77. 

(b) Loading and Unloading Troughs ; f rom 

(be management point of view' tlu’ time in minutes taken 
to load or unload a trough would be (be measure of 
efficiency, f'rom tbe workers point of view tbe weight 
of leaves loaded oi* unloaded per minute would be a 
suitable measure. In tbe study latter f)oint of view 
bad been adopted as (be troughs were not loaded uni- 
formly or to tb(4r maximum capacity. 

In cas(‘ of loading tbe operation consists of three se- 
parate functions. 

(a) (Jurying baskets from trolleys to the trough, 

(b) Spreading of green leaves heaps l)y band to a 
uniform thickness. 

(c) (4(*aning tbe floor. 

1 be productivity on tbe trough (downstairs) was 
11.') kg/Man Minute while on the trough (upstairs) it 
was 12.1 kg/mm. 


Carrying : Carrying green leaf to tbe troughs (upstairs) 
was faster and tbe jugalis carried 20.9 kg/inin on ave- 
rage while the troughs (down stairs) tbe jugalis carried 
only 18.2 kg/mm. 

Spreading : I'lie average spreading down stair (roughs 
w'as bett(‘r than upstair troughs. On average 44.8 kg/ 
mm was spread on downstair troughs while 33.7 kg/ 
mm w'as found on tbe upstair troughs. 

Cleaning : Tbe average cleaning of troughs was faster 
in downstair (roughs where 26.41 kg/min was found 
wbib* in u])s(aii' troughs tbe average was 15.75 kg/mm. 
Unloading : Tbe productivity of upstairs troughs at 
16.98 kg/mm was higher than for downstairs at 16.43 
kg/mm. I'Ih' productivity of 2 men team at 17.97 
kg/m was higher than that of 4 men team at 15.78 kg/m. 
It appeared that 2 men team adopting the method of 
work in which both men heap the leaves first and then 
tak(' it to the conveyor was the best method of emptying 
the withered leaf. 4’h(' estate where ilie study was 
conducted adopted the 2 men team for unloading the 
withered leaf' from tin* start of next sea.son, 

Studies in Progress 

5. Economics of Rejuvenation : The department 
undertook study during the period on Economics of 
Rejuvenation in the plains of iXorth Eastern gardens. On 
the basis of' prior information, 45 gardens were selec- 
ted f'or study. Only 32 gardens from Assam Valley, 
Dooars and I'erai supplied (he rejuvenation figures 
regarding cost of rejuvenation and yield. 

I’he cost of labour, matta'ial and overhead was taken 
for the period of 4| y(‘ars. Labour cliarges included 
total w'ag('s (including fringe benefits). 4'he cost of 
rejuN'cnation is Ix'ing worked out. 

I’he yield data available were mostly f'rom 1974 to 
1975. I’he d('|)art merit is collecting data f'or 1976 and 
1977 also to work out the pay back period. 

6. Economics of Manuring : I'his study is directed 
towards the evaluation of the benefits of manuring. 'I'he 
data was called in two jiarts, Part 1, general data about 
th<‘ garden and (lonijiany, if any and Part II sectional 
data for thi' sc'ctions planted/rcjrlanted fluring the past 
25 y(‘ars. 

I’he (pK'stionnaire was sent to 647 'I’RA member 
estates. 'I he i-eplit's w(‘re received only f'rom 97 estates 
for 915 sections. 

Part I indicates that plant ing/replanting during the 
last 25 years was compaiativfdy less in low yielding 
areas. 

Prof’f'ssing of Part II has been taken up. 'The primary 
tabulation that is planned is a study of pattern of incre- 
ase in yi(4d from th(‘ 1st year of crop related to the type, 
(luantity and frfxiuency of manure applied. 
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LIBRARY 

General 

I'oLir new journals were added to tlie sul)seiiplion list 
making the total of 143 j<^urnal heads in the Library. 
In addition to these, the Lil)raiy r{'e(‘ives 103 journals 
in (-xchange ol' 'I'ocklai Buhlic ations and on Tree basis. 

Reorganisation 

Aeecssioning and elassiheation of l){)oks are in |)rogr<‘ss. 
But du(' to departure o{’ the ( lataloguer, eataloguing ol‘ 
books are held up lor sometime. Arratigcanent will 
be made to recruit a new Cataloguer to continue eata- 
loguing works. A Bibliography on tea is being compi- 
led. Wc'ckly accH'Ssion lists ol books and jouinals an* 
i.ssued to Departments n'gularly. Paper cuttings on 
important topics relating to t(*;i and other sul)je( ts have 
continued to be i)reserved. A classified subj('Ct index 
to ‘'Two & A Bud’ is being pre})ared. Journals/Periodi- 
cals display boards in the reading room have been re- 
arranged. Arrangement is being math' to kc'cp oj)en 
the labrary reading room after ollice hours liom 
2nd May, 1977. 

Library Service 

'I'he Sci(‘nc(‘ students ol' undergraduate and Post-gra- 
duate classes of Assam ,\gricultural l.biiversity, S( ientists 
of Regional Research Laboratory. Jorhat; V.P, 
Trainee's of T.R.A. Member Lstat(‘s, 4'ea Board 
Trainees and a lew research fellows in addition to 'I'ock- 
lai Scientists utilised the labrary during the yc'ar. 

Library Statistics 

'Potal No. of books - 42 19 

Books added during the year — 1 7H 

Periodicals and Journals i (*ceived— - IGOO 


New Journals added -b 
Pamphh'ts and Bulh'tins BU.a 
Photocopy 1 
Rt*j)rints i 
Maj^s .30 

Publications consulted in the Library 3700 
Publications issiK'd to De])arlments 1708 
Books bound during the year (301. 

PLIBLICA riON 

I'Ih* activities of the Publication Section (ontinued 
tc) !)(* inerease'd this year. 

The lollowing publications we're issued from Pocklai: 

1. Two and A Bud : Ve)l. 23, Nos. 1 & 2. 

2. Tocklai News : Nos. 3 & 4. 

Advisory Bulletin : 

3. Ne). 8 : Iron Particles in Pea, 

Lditeei by Dr. N. K. Jain. 

Advisory Leaflet ; 

4. Ne). 10 : 'Pocklai Released Biclonal Stocks, 

by Dr. H. P. Bezbaruah. 

Miscellaneous Reports : 

5. Annual Scientific Report for 1975-7(3. 

13. Paigineering Re'search <Sc Development Department 
(.hiarterly Repeirts for (piarters ending 3()th June, 
30th September, 31st De'cember, 1976 and 3ist 
March 1977. 

7. Piaae e-eelings e.)f the Pwe nty Se'ventli Cleinference on 
Ne)veml)e*r 13 through November 15, 1975, (August 
197(3). 

8. Proce'celings e>f the* Ihigineering Seminar on 
April, 21 lhre)ugli April 23, 1975, (June 1976). 
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South Bank, Assam 


lV(»j(‘( I 


NPK maniirini'; <>( iiiatiirr lea 
-(!(.- 
-(!(.- 
-do- 

I'nliai’ a|)|)li( .'ll ion of /inc 
-do- 

^d.o 

-do- 

Slindn in relation to Ira nnlrilion 
-do- 
-dn- 

I’rra 'fi ial 
Pluckini^ l^xper iincnl 
-do- 

[nfillirij;? Kxijcriin('nl 

R<*in\ rnalion iinciu 

-do- 
-do- 

( ’nllivalion I'Apct ina'iit 
jNPK I’Aperinicnl 
'S'nunif 'IVa Mainirin^ 

North Bank, Assam 

N1*K Manuring oC mature lea 
-do- 

.Sliade in relation to tea nuirilion 
-d( )- 

Response to foliar aiiplii aiion of 
/ine 

-do- 

Rejuvenalion 

-do- 

-do- 

Infilling 

-df)- 

Plu( king 

Nitrogen wiili and witlunit niuleh 

Cachar, Assam 

Shade in ridalion to tea nuirilion 
-do- 

Re.speaise to foliar a[)plieation of 
/inc 

-do- 

NPK manuring of mature tea 
-do- 

Cdonal response to \ in diOeient 
Agro-( limat i< regiotis 

Infilling 

IMncking 

-do- 

Rrjnxenaiion 

-do. 


RXPRRI\fi:N'I ,S tX)NDU(n i;D IN I'lIK MRMBiar R.STATI'.S 
By 

ADVISORY DRPAR'BMRNT 


Site Index ^'ear of 

starting 


Panitola 

AS 

lOH 

1973 

riiowra 

AS 

111 

-lo- 

Rupai 

AS 

1 If 

-do- 

r)ilTI<.o 

AS 

120 

-do- 

Panitola 

AS 

109 

-do- 

Sepon 

AS 

112 

-do- 

I )aimukhia 

.\s 

lla 

-do- 

Bokakhat 

AS 

121 

-do- 

I'how ra 

AS 

no 

-do- 

Borduhi 

.\s 

112 

-d..- 

Mrthoni 

AS 

119 

-do. 

Duklingia 

AS 

12o 

-do. 

.Xaliorudi 

AS 

120 

1474 

Lolipohia 

AS 

132 

-do- 

I lalmari 

AS 

129 

-do- 

Kaliapani 

AS 

132 

-do- 

Tara 

.\S 

12a 

-do- 

1 Vl(»ijan 

AS 

130 

-do- 

Khoointai 

AS 

131 

-do- 

Deoliall 

AS 

131 

197.3 

Meleng 

AS 

142 

1970 

Deohall 

•AS 

143 

do 


.\alia rani 

A.\ 

123 

H)73 

Monahai lie 

AX 

1 Hi 


1 )hulapadnng.\.\ 

122 


Perlalighnr 

.\\ 

iin 


'Fe/pnr tA' 

( iogra 

AX 

121 


Monahan ie 

AX 

117 


Kai harigaon 

I c/pnr 

AX 

133 

H471 

( iogra 

AX 

13li 


Baghmari 

Ka< hari- 

AX 

137 


gaon 

AX 

110 


Baghmari 

AX 

141 


Dhnilie 

AX 

139 


Sess.i 

.\X 

13a 

1973 


An nuipore 

C 

12 

1973 

Palhemara 

C 

13 


I .ongai 

c: 

11 


.Sih’oorie 

c 

10 


Sih oorii- 

c 

3a 


Longai 

c 

39 


( !< (omher- 
gram 

c 

20 

1902 

1 .ongai 

c 

41 

1974 

1 laltikhira 

c 

43 


.Sih oorie 

(1 

10 

1973 

Isahheel 

c 

47 

1974 

Longai 

c 

48 

1974 


IVojec t 


Darjeeling 

\PK tnamiring of malun' ti'a 

-do- 

N lirogenous fert ili/er 

(llonai icsponse to \ in did’erem 

agro-eliniafie ix'gion- 

P K vvitli and uilhoiil weed'. 

cde 

Pruning 

•d<>- 

Foliar ap|)li(ation of /inr 
-do- 

Inlilling 
-do- ■ 

Rejn\<'naiion 

-do- 


Dooars & Terai, West Bengal 

NPK manuring of maluri' t('a 

-do- 

-do- 

-do- 

.\ i t r< »g < • n o us I'e r t i I i/ e r 
(llonal respou'c to N in different 
Agro-eliiUci ie regions 
(lu’tivation W’e -d (lonlrol 
Shade in r<-iaiion to tea nutrition 
-do- 

Foliar application of /inc 

-<lo- 

-<!o- 

Infilling 

-d*.- 

-d(). 

-do- 

-do- 

Rejn\ (-nation 

-do- 

-do- 

-do- 

-do- 

-do- 

Plucking 

-do- 

-do- 

(!l(*ne \’s .Nitrogen d'rial 
Potash Soil Sampling I rial 
Fong 'Ft-rm Frial 
New I ,ong Term Frial 
Irrigation 
-do- 


Site 

Inch 

■x 

Year of 
starling 

fUlongtong 

Dl 

31 

1973 

Xagrifarni 

Hi 

33 

’■ 

( ingia 


29 

1907 

X'agrirarm 

l)i 

19 

19(i| 

ll.i 


31 

1970 

Phoobsering 

Margaratr’s 

n.i 

24 

1903 

Hope 

i>j 

27 

1900 

Sungma 

i^j 

33 

1973 

.\rya 

Hi 

32 


Banno( kburn 

Hi 

30 

1974 

( iing 

Banno( k- 

d: 

37 


hum 

J>i 

3a 


(dng 

i>i 

39 



Ximti|hora 

1). 

37 

1973 

Bagrakote 

1). 

33 

,, 

Sam Sing 

1). 

50 


( iungaram 

R'F 

7 

,, 

Baradighi 

1). 

33 

19li7 

Xya Syl.-.- 

1). 

2-1 

1902 

Cihuapara 

1). 

42 

1970 

Dalgaon 

1). 

31 

1973 

( iandrapara 

1). 

30 


Karl ick 

1). 

32 


Bhogotpoic 

I) 

34 


Baradighi 

1). 

53 

. , 

Ka rtick 

D. 

41 

1909 

[.'liiiii 

IT 

40 


luigue 

I). 

37 


.Saliahad 

1 R 

.4 


Mohnrgong 
it (luhna 

I'R 

.3 


Rydak 

I). 

4li 

1972 

l.)algaon 

1) 

43 

,, 

Mat.4i 

D. 

44 

,, 

Kilcotl 

I). 

45 


Knmiai 

I). 

47 

,, 

( dingaram 

1 R. 

5 

,, 

Birpara 

D. 

58 

1974 

Dalseng|)ara 

1). 

.39 


I Ians( |ua 

I). 

(,() 


.Xagt akata 

D. 

48 

1973 

Batahari 

1). 

49 


iXagrakata 

1). 

61 

1974 

Nagrakala 

1). 

(i2 

1975 

Darn Dim 

1). 

03 

1970 

Jainti 

D. 

64 

1977 





LIST Cl i:XPER!Mi:.\rS CONDUCTED IN THE MEMBE^R I’.ST.VIE 

By 

THE OlHER DEPARTMENTS 


BOTANY DEPARTMENT 


S‘. No. 

Name ol' r.slai 

South Bank, Assam 

1 - 

Hec'leakah 

2 . 

Duk'.ingia 

5 

Ilasabaii 

1 

llorbain 

5 , 

1 lahingiapara 

9 . 

Soiai 

7 . 

Hukhial 

». 

Dilli 

9 . 

( '.hei i(_i('oj,)UTl)ai 

10 . 

'I’ingalibam 

11 . 

LonglR)i 

12 . 

1 )iHjaii 

15 . 

Cabi'H I’uibal 

North Bank. Assam 

1 . 

Dunung 

2 . 

Obooleachang 

5 , 

1 )iinakiisi 

4 , 

BoTengaiiili 

5 . 

Atiar<‘<‘khat 

9 . 

BirjhoTa 

7 . 

Nagrijuli 

8 . 

Dhunsepi 

9 . 

raTajuli 

10 . 

( iingia 

11 . 

Halem 

12 . 

Cbapar 

15 . 

( Ihoibari 

14 . 

Kokrajhar 

15 . 

Moinoi 


I.ist i>( «sl;ilcs uihKt ( iniuil sul< ( tioH St Ih'hm' 


N'cai ol '•Uh linv; 


Si. No. Name oC estate 


l ‘)/2 

i<) 7;'5 

l‘t 7 l 

l<) 7 .") 

i‘» 7 r) 

iM/f) 

l‘> 7 ') 

l’)7() 

l'.) 7 (> 

l') 7 t) 

l') 7 (i 

197 () 

1 !> 7 () 


l‘> 7 :) 

l‘t 7 r) 

!‘.) 7 r) 

i!> 7 r) 

H) 7 r> 

l‘) 7 () 

1 <) 7 <. 

197 <> 

l<) 7 <i 

l<) 7 () 

l‘) 7 h 

197 (i 

l‘) 7 (’) 

l‘) 7 (i 


Cachar 


1 . 

1 ’.baiuligbal 

2 . 

ButIoII 

' 5 . 

1 ‘oloi 

4 . 

Xaisingpore 

, 5 . 

Longai 

Dooars and Terai, West Bengal 

1 . 

Kailas])HT 

2 . 

( i< ip.ilpuT 

5 . 

( ’.luiapaTa 

4 . 

('.enlial Dooars 

5 . 

Ka r 9 < k 

9 . 

Kydak 

7 . 

1 ,eesb l<i\ «a 

8 . 

Bainigoorie 

9 . 

Bii para 

19 . 

( iai gandra 

11 . 

Sobhasiiii 

12 . 

Dalsingpara 

15 . 

( iaya ganga 

14 . 

1 ‘iri ihana 

15 . 

Molioi gong iv ( iulma 

K). 

Bijoynagar 

17 . 

Paniglintta 

Darjeeling 

1 . 

Happy Valley 

2 

S( »om 

5 . 

l'uk\ <ir 

1 . 

1 angia 

5 . 

Suiigina 

9 . 

Kimglee 

7 . 

Balasim 

8 . 

Singbuli 


Year of slartinp 


1 () 7 <) 

1 <) 7 () 

l<) 7 (i 

l‘) 7 () 

l!l 7 (i 


l‘) 7 () 

l‘) 7 (> 

I'.r/t) 

H) 7 () 

l') 7 () 

l») 7 <i 

197 (. 

l!) 7 (i 

I 97 (i 

l‘) 7 i; 

I 97 (i 

l!) 7 (i 

197 () 


l‘) 7 f> 

l‘) 7 .'‘> 

1 ‘ 17 t 

l') 7 :» 

1975 

1975 

1<)75 

1975 


ENTOMOLOGY DEPARTMENT 


SI. Kxpei inwnls 

No. 


I.<R ation of ( Slate Sile 


liuiex 

No. 


1 . 

liu'idonee ol R<'d spider iii r(‘lalion to longer j)nming cyt le 

South Bank. 
,\ssam 

2 . 

TueideiKa* ol Shot hol<“ borer 


5 . 

ln('id*'nue ol‘ Mites in relaiion to mi( romilrients 

1 )i )(>ars 

1 . 

liu idenre ofthi ips in dilTerenl pruning eyt le. 


5 . 

Red spider trial (prophylactic) i)alliative 

South Bank, 
Assam 

('). 

Jassid control ti ial 

„ 

7 . 

'I hrijcs control trial 


8 . 

rin ips (ontrol trial 

1 larjeeling 

9 . 

.Scale in.se( 1 (lontrol 


10 . 

l.ooper control trial 

South B»mk 

11 . 

I'cnniltt control trial 

( ’.achar 


I howTa 1 M i. 9 

Sy((»ita r.L. 

M«NTm^lass r.l'.. 

Nat;aisHii \\\'\. 

|)hoolie l .r.. 

Dooi ia 9Mv 

.VnandahaTi e 

lialasim 
.\iva r.K. 

Dillloo'lM'.. 

I'hoiajan 1.1'. 

.\r«'Hllil>o> e IMt 9 


\'('aT ol 
sl.H'liri^ 

1979/77 

I 97()'77 
1979/77 
1971)/ 77 
MaTrh .1977 

I une. 1 971 ) 
jime. 197 () 
May, 1979 
Sepi, 1979 
.Mav, 1979 
Mav. 1971 ). 
MaTch, 197 (; 
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Tocklai Experimental Station 


MYCOLOGY DEPARTMENT 


SI. 

Experiment 

Location 

Site 

1 ndex 

Year of 

No. 




No. 

starting 

1. 

To study the profeetive aelion ol lowi r eoin entiatinn ol a 
copper oxychloride ai^ainst red rust when applied with a hand 
.sprayer 

South Bank, .Vssam 

Bokahola 

MROIB 

1975 

2. 

Same as above, but with a pow('r sprayer 

V 


MRO 19 

1975 

3. 

Sereeninj:? of diOerent 1‘ormula lions against Red rust. 


Daliingeapar 

MKO 21 

197() 

4. 

Evaluating a new lungi<'ide against 'I'hniny stem blight 

Darjeeling 

Ifajjpy Valley 

MCO Ob 

1975 

5. 

Screening oriungiddes against Black ml 

South Bank, 

.Assam 

( iol)indapur 

MBO 14 

197b 

f). 

-do- 


K aka] an 

MIU) 1.3 

197b 

7. 

Study the efT«‘cts ol applic ation of dift'erent coin entralion ol a- 
eoppjer oxvchloride lungiride m controlling Black rot with hand 



MBO l(i 

197(i 

8. 

sprayer 

Screening of fungicide against Blist«T blight with power spraye r 

Darjeeling 

Marybong 

MF OOb 

197t) 

f). 

Screening of lungieide against Blister blight using hand sprayer 

Darjeeling 

Blo(»m(ield 

MF 007 

1 97b 

10. 

EfTecl of (hfler'-nt treatments on (he control c)l Blister blight- 
blight and vield return 

Area 

M F 005 

1 97f) 

11. 

Chemical control of primary root disease 

South Bank, 

Assam 

Xahorkut la 

Ml’ 002 

1974 

12. 

-clo- 

,, 

Borhat 

MF003 

1975 

13. 

-dcj- 

Ncji th Bank. 

Assam 

Tarajuli 

MF004 

1975 

14. 

-clo 

,, 

Thakurbari 

MBOOb 

1975 

I'i. 

-do. 

1 )arjeeling 

Balasun 

MBOOr) 

1 974 

10. 

.(jo- St)uth Bank, 

Assam 

STATISTICS DEPARTMENT 

Dilli 

M POO 7 

197b 

SI, No 

Department 

Piojc'c t 

Site' 

lndc‘x No. 

A'ear ol starting 

1. 

Statistics ' 

Uniformity trial 

Nagri I’ami 
(i)ariecling. 
W'esi Bengal) 


19b4 


ENGINEERING RESEARCH & DEVELOPMENT DEPART^1ENT 


SI. No E.xpc-riment 


Location ol site' 

5'ear ol' starting 

1. I’rial c)f Continuous l ea R<)ller 


South Bank, Borbaiu F. Ik 

1975 

2. Frial of \\'i(her<-d Le af Prec onditionc r 


-do- 

1976 





PUBLISHED PAPERS & PAPERS IN THE PRESS 

Bezbariiah, H.P. 1976. Anruploidy in 'IVa. Ihe 
Nucleus 19 (3) : 167 169. 

(Abs. A number of aneiiploids and polyploids in 
lea (Uainellia sinensis L.) have been idenlihed from 
the progeny of a natural triploid (2n 43). The 

majority were near tetraploid level. Uonsiderable 
morphological variation (wists amongst the ancu- 
ploids, which should be useful : (1) in identifying 
chromosomes associated walh specific characters; 
and (2) in transmitting (U‘sirabh‘ genetic traits in 
tea breeding. A few of the plants appears to be 
aneusomatic in character.) 

Bi.swas, Ajit Kumar & Biswas, Asim Kanti. 197f). 
Statistical 'rechniques Development for f7\periinenta- 
lion with Tea in Nortfi India. Proc. of the 22tid Scientific 
Conf. Bull. No. 33 UPASf: 156-172. 

(Abs. rhe study on the searc'h lor an alternative 
ancillary variable for covariance analysis to replace 
pretreatment whole season’s (rop showed that the 
pretreatment crop from September to end season 
was cflicicnt for adjusting the post-treatment crop 
of individual year as w(‘ll as cumulative total crop 
of all subsequent years of' experimentation in lh(‘ 
Assam Valley and Dooars. In Uachar and Dar- 
jeeling, y^retreatinent July- August cro]) was lound 
to be as ellicicnt as the whole season's crop. Re- 
sults suggest that taking of the pretreatmenl crop 
from September to end season in the .\ssani Valley 
and Dooars, and July-August cro]) in Darjeeling 
and Uachar will be sulhcient. Ap])lication oi these 
results will, minimise the C(^st and incia'ase th<‘ 
eilicitmcy' of the field exjteriinents, it an exp<‘rimen- 
ler decides to lay f)ut an ex])eiiment at tlic middle 
of the season, he need not wasti* one more complete 
year to take the pretreatment whole season’s crop 
to increase the efliciency ol the ex])eriment. Num- 
ber of observations necessary^ lor held experimen- 
tati()n with tea in North East India, r(‘vealed that 
('rop ol each period (;)f tlu' whole season was as elli- 
cient as the w4i(^le sc'ason’s cro[) for comparison of 
the tn'atments within an experinu nt both for indi- 
vidual year as well as combined ovc’r years of experi- 
mentation. 'Ellis suggests that cn^j) Iroin any one 
of the two pi^riods of tlu' whole season will ('nabh' 
the experimentt'r to make the treatment comjiari- 
sons without any loss of experimental accuracy. 


I'his will enable the exjierimenter to do double 
the number of exjieriments with the same number 
of supervisors, which will minimise the cost.) 
Manivel, L. & Weaver, R. J. 1976. Effect of' growth 
regulators on stomatal closure in grapes. Madras 
J. 63(4) : 244-245. 

(Alls. Different growth regulators were testi'd for 
tluir aliility to bring forth stomatal ilosure and 
opc'ihng in intact leaves of vinifera grape vine. 
.Vbscisic acid (ABA) at 100 ppm resulted in a high 
(h'gree of stomatal closure with maximum closure 
occuring 30-45 min. after application. 'Ehe 
.\B.\ induced stomatal closure w^as almost reversed 
within 15 min. by benzyl adenine (BA) at 1000 
ppm. Stomata of half expanded leaves responded 
better than those of recently mature or older leaves. 
Interaction among the endogenous growth hor- 
mones may play a role in regidaling the stomatal 
opening or closure in plants.) 

Rao, V.S. & Duk(‘, W.B. 1976. I’dfect of alachlor, 
propachlor and prynachlor on UAj — induced production 
of protease and «c amylase. Weed Sc. 24:616 618. 

(Abs. Alachlor [2 chloro 2', 6' (li(*thyl -N 

methoxyinethyl) acetanilide], proyiachlor [ 2- • 
chloro — N isopropylacetanilidc) and prynachlor 
[2 chloro N (1 methyl 2 propynyl) aceta- 
nilide), inhibited gibberellic acid (GAg) induced 
production of j)r(Ueasc and <-ainylase in deein- 
bryonaled fjarley [Hordeum vulgnre E, *Sch\iylcr’) 
seed. Productic^n of' protease was na^re sen.sitive 
to these h('rbi('ides than "C-amylase. The degree 
of inhibition of protease and ‘<.-amylase production 
caused by alachlor was etjuivalent to that caus(*d by 
cyclohexiinide, j)uromycin and acitomycin-D, 
known protein and nucleic acid syntlu'sis inhibitors. 
Higher (EA, (OiK'entrations reversed the inhibition 
of protease and amylase synthesis caused by 
alachlor but did not nxluce the elfect of alachlor on 
barley seed germination and growth. It is con- 
cluded that the inhibition of' protease and <-ainy- 
lase production by alachlor is })erhaps only one of 
.several effects pn early .s('ed germination and seed- 
ling develo])m('nt. / 

Rao, V.S., Braun, J. W. & Khan, A. A. 1976. Release 
of lettuce seed thennodormanc y by plant growth regu- 
lators applied in organic solvent. I/ortscience 1 1 ;29-7(). 
(.\bs. The emergence of lettuce [Lactuca sativa L. 
CVS. Grand Rapids and Xfesa 659) seeds was en- 
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'ibCKLAl ExPF.RIMKN I Al- STATION 


hanccd by tlic jirc-sovvin^ perineal ion via aeetone 
of growth regnlalor.s into tin' clry seeds, laner- 
genee ol photosensitive ‘Cirand Rapids' seeds iVoni 
soil niediuin at moderate temperatures (20-18 C; 
was enhaneed by jiermeation with gibberellie arid 
((jAj) alon(‘. At supraoptimal soil temjieratures, 
eiiK'rgenee ol both eultivars was enhaneed most 
ell’ec'tively by a combination o( (iAj, kinelin and 
(2-ehloroeth\’l jihosphonic acid) (‘thefihon.) 

Rao, V.S. Braun, J.W. & Khan, A. A. 1976. IVo- 
niotiv(‘ ellects ol organic: solvents and kinetin on dark 
germination of lettuc e seeds. Plant Phrsiol 07:440-449. 
{,\bs. Significant [iromotion in dark germination 
was obsc'i’vc'd when (irand Rapids lettuce [Lactucc 
saliva \j.) sec'ds were soak<“d in acetone or dichloro- 
methane, vac uumdried, and imbibed at 25''(1. Pca- 
rnealion of kinetin via these organic solvents further 
enhanced the dark germination. 'Those seeds that 
were allected by acetone and acetone-kinetin treat- 
ments and germinated in the dark cvscapcal rcxl-lar 
red photoconlrol of germination. Althotigh alxs- 
cisic' acid wa.s not detectc'd in the organic solvent 
leachate's, they did contain other inhibitory subs- 
tances airecling lettuce .sca'dling growth. In the 
light, acc'tone and acctonc'-kinetin treatments also 
enhanced the rate of germination and the incirasc'd 
germination by acetone-kinetin treatment was 
correlatc'd with increased polyribosome' iormalion. 

I he possible nu'chanisms involve'd in proinotir)n 
ot Ic'ttuce scc'd ge'rmination by organic solvents 
and kinetin are discussed.) 

Rao, V.S., Rahman, T., Singh, ITS., Dutta, A.K. 
6c Saikia, M.(-. 1977. Advances in wec'd re'search 
in tea of Nortlu^ast India. Prov. of llWd Sri. (aw f. I U'ork- 
shop, Indian Sor. li Wd Sri, Bai t I (in press) 

(Abs. .Approximately 5.V\, of the aiva undc'r tc'a 
((-amellia sp.) in Northeast India is undc'r herlii- 
cides and this accounts for about 7()‘'„ of the' hc'rbi- 
cides marketed in India. I his achic've'ine'nt is 
mostly due to the j)ione{'ring rc'scarch done' b\’ 
locklai on chemical weed control in the past 2.") 
\eais. During this lime', a number ol new chemi- 
cals have' bc’en te-steei, and ellee tive herbie ides anel 
herbicide combinations sedected and recommende'd 
lor nursery, young tc'a, and mature tc'a arc'as. 
Elhcacy of herbicides, [le'rsistenc e of toxicity, phy- 


loloxicily to tea plant, and ('licet of herbicides on 
(juality of cup tea wc're the main criteria used in 
devc'loping these recomnu-ndations. This was made' 
possible by a well organi/ed herbicide' testing and 
c ( ' r t i 1 i c a I i o n programme.) 

Rao, V'.S., Rahman, T., Singh, ITS., Dutta, .A.K., 
Saikia, MC., Sharma, S.N., & Pimkan B.C. 1977. 
TdTeclive weed control in lea by glyphosate. Proc. Weed 
Sci. (ionf. I Workshop. Indian Soc. WvvdSd. Part II (in j)ress) 
(Abs. (dyphosate ('tfecliv^ely controlled perennial 
grassy wi-c'ds such as Imperata-vylindrica (T.) Beauv., 
Paspalum conjuoalwn Beig., Paspaiuni scrobiculalum E., 
Arundnu'lla beniialensis (Spieng) Dnice., and Setaria 
palnnjolia (Koen.) Stapf. at rates ranging from O. l 
to 2.1 kg/ha. (dyphosate was also found ellective 
on broadleaf weeds like Ponrria hispida (Iv.) K. 
Sebum., Polygonum chimnse E., and (iommclina bengha- 
Icnsis E. 

Addition of 'Triton .AT., a welting and sticking 
agent, lias no elfect on glyphosate' activity. It, 
howT'ver, reduced rainwash of glyphosate off weed 
foliage occurring 1 or 2 hr after herbicide applica- 
tion. 'Triton AT', had no elfect if the' rainfall w'as 
delayetl by 4 hr or more alter glyjihosate applica- 
tion. .Addition ol' ammonium srdphate upto 6 kg/ 
ha enhanced the rale ol' glyphosate activity. .Appli- 
cation of 2,4-D as a tank mix with glyphosate 
enhanced the rate’ of activity of the' latter. 'This 
synergistic elfect helped reduce the rate* of ajipli- 
cation of glyphosate substantially for elfeclive weed 
control.) 

Rao, V.S. & Khan, .A. .A. 1977. .Antidotal action of 
R~2.a788 on T)P'T(1 and alachlor injury to corn and 
barle\-. Proc. Weed Si i. Conf-l Workshop, Soc. 

1 1 )rd Sri . Part 11 (in j > rc 'ss ) 

(.Abs. .Application of R-2.’)788 (0.84 kg/ha) as 
tank mix with alachlor ( 1 . 1 2 kg/ha) had signilicantly 
rc'ducc'd herbicide injury on barlev sc'cclling growth. 
Similar protc'ctixc' action by the antidote was not 
evident on an annual grass weerl. Molecular levc'l 
investigations indicated that antidote and alachlor 
c'ompete for the same active' site(s) of action result- 
ing in accumulation of herbicide in the plant tissue 
at a Ic'vel lowc'r than necessary to cause absolute 
toxicity) 





1 .atiuiclr 

M()V\lhs 

197h 

)an\iar\ 

Ffl)i'uat N’ 

Man h 
April 
May 
June 
1 uly 

August 
S(-pt<‘iul)(*i- 
( )ct()lM r 
A’ovcuiImt 


Hours nl 

obsorvalions 

1ST 
Ob i:i 

Notes : 


SUMMARY OF METEOROLOGICAL OBSERVATIONS DURING 1976 
Table : I Tocklal (Mid Aasam) 


; 20^47' N 

Dailv Iciupt'iatuK' “Cl 


l.ougitiult* *• 1'. 

K ainlall 


Allitutlo ; 9ti.r> uulrrs a.in.s.l. 

Dailv Daily soil tciupcralutc* 
sunshiiu- Cl (undrr grass) 


Monthly 

rvaiioration 


M<'an 

max. 


Mean Mean Highest Lowe-st M.mthly 
^ in nun 

nun. 


Day with in 
0,‘A nun hours 

and al)«>v(* 


23.1 

9.9 

10.5 

24. B 

(22.3) 

•>3.5 

(9.4) 

13.9 

(15. B) 

IB. 7 

2B . 7 

‘21.1) 

27.5 

(11-9) 
Pi. 5 

(IB.O) 

22.0 

31.5 

t27.5) 

29.5 

(15.5) 

10.1 

(21.5) 

21 . 3 

33.<i 

(2B.7) 

29.9 

(19.0) 
22. . 3 

(23. B) 
20.1 

:05.0 

(29.9) 

30 . 1 

(21. B) 
21.tl 

(2-^).0) 

27.0 

33 . 0 

(31.5) 

32.0 

(21.1) 

24.9 

(27. B) 
2B.1 

34.7 

032.2) 

1 1 . 5 

(24.(.) 

21.7 

(2B.4) 
2B . 1 

35.2 

(32.0) 

3 1 . 5 

(24. t.) 

2 1 . 3 

(2B.3) 

27.9 

31.3 

(31.2) 

29.2 

(23.9) 
20 . 7 

(27.0) 

25.0 

31 .<) 

(29.3) 
20) . 3 

(21.0) 
17. B 

(25.2) 

22.0 

30.3 

(20.3) 

23.2 

(15.2) 

11.7 

(20. B) 
17. 1 

25.7 

(23.1) 

(10. t.) 

(17.0) 



7.2 

0.0 

(21.7) 

10.3 

44.3 

(31.9) 

10.5 

«>t).3 

(79.5) 

P*. 1 

157.7 

(192.7) 

IB. 5 

192. t>) 
(2B0.0) 

20.3 

327.7 
(330. ()) 

22.7 

3.5(i.7 

(3B0.9) 

23.2 

117. 3 
(343.3) 

22.1 

314.2 

(254.1) 

17.(> 

71.1 

(IIB.4) 

13.1 

39.1 

(27.4) 

7.t) 

15. B 

(li.o) 


0 

(^>) 

12 

( 7) 

1 1 

(ll) 

I I 

(It.) 

U» 

( 20 ) 

2t) 

(23) 

27 

(25) 

25 

(23) 

21 

( 19 ) 

0 

( 12 ) 

12 

( 1 ) 

3 

(3) 


7.2 

(5.9) 

(..1 

(t>.2) 

7 .ti 
(0.7) 

7.0 
(5.9) 

t).0 

(5.0) 

4.0 
(1.3) 

0.3 

(1.7) 

4.9 

(5.1) 
(1.7 
(5.0) 

t>. 7 
(5.0) 
4.7 
(O.l) 
(..'3 
(0.3) 


Depth 


.5 ( in 


17. U 
( 10 . 0 ) 
20. ti 
( 20 . 1 ) 
21.1 
(21.0) 
2ti.B 
(20. H) 
29 . 1 
(2B.7) 

29.0 
(30.7) 

31 .(> 
(31.1) 
30. B 
(31.1) 

31 .0 
(30. B) 

2B.0 

(2B.4) 

24.0 

(24.0) 

19.2 

(19.7) 


1 5 ( in 


17.7 
(IB. 2) 
20.0 
(10. B) 

23.1 
(23.1) 

20.2 

(25. B) 

2B.2 
(27. B) 
29 . 2 
(29.7) 
30. B 
(30.0) 

30.4 
(30.0) 

30 . 5 
(30.2) 

27.7 
(2B.0) 
24. 1 
(23.7) 
19.0 
(19.5) 


30 ( in 


IB.t) 

(19.0) 

20 . 4 
( 20 . 2 ) 

23.2 

(23.1) 
20.0 

(25.0) 
28.0 

(27.0) 
29.3 
(29. t>) 

30 . B 
(30.5) 
30. t) 
(30. (i) 
30 . t) 
(30.2) 
2B . 3 
(2B.1) 

25.0 

(21.^)) 

20.0 

(20.(,) 


Open 
Pan 
in nun 

3ti.3 
51 .0 
91 . B 
112.7 

lot). 9 

B5 . 3 
109.B 

92.3 
B«).(i 
71 .B 

39.3 
29.9 


Prninan 
in nnn 

(il.B 
B2.5 
131 .3 
I49.ti 
lOB.O 
IH.3 
174.B 
151 .4 
1.50.4 
121 .0 
74. B 
(iO.2 


percent RELATIVE HUMIDITY 
Table : 1(a) Tocklai 


(■) 

(iO 

(ii.) 


i\ n . 

I'Vl). 

Man h 

.\pril 

May 

June 

93 

(90) 

52 

(5B) 

94 

(94) 

59 

(54) 

90 

(92) 

51 

(53) 

90 

(91) 

5() 

(03) 

90 

(92) 

(>7 

(71) 

<13 

(92) 

7B 

(75) 


l»ily 

Aug. 

Sejit. 

Oet. 

Nov. 

Dee. 

93 

(93) 

94 

(94) 

91 

(9.'-.) 

70 

95 

(90) 

()0 

95 

(90) 

()B 

95 

(90) 

01 

71 

(75) 

75 

(75) 

(74) 

(72) 

(04) 

(00) 


n lirack. ls show of .nornlnK and afo-rnoon 

;;7;:m77:'ao' 177nuoO s,i,^ .,f ,.v.po, a,ion f.o.n an opon 


rcee fids 
water surlare. 
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SUMMARY OF METEOROLOGICAL OBSERVATIONS DURING 1976 
Table : 2 Sicloorie (Cacher) 


Laiiiuclp ; 24‘^50’' \ 


Loni^iUiclr ; 92"4H' E 


Alliliulr : 39.6 incters a.ni.H.I. 


Months 

1976 


January 

Fabruai)- 

March 

April 

May 

Jiinr 

July 

August 
Srf)trmhcr 
October 
November 
1 )ecember 


Mean 

max. 

Daily temperature 

Mean Mean 
min. 

h : 

Highest 

Lowest 

Rainfall 

Monthly Day with 
in mm 0.3 mm 

and abo\ 

Daily 

sunshine 

in 

hours 

e 

26.1 

10.9 

18.5 

27.1 

8.2 

0.0 

0 

7.9 

(25.9) 

(10.9) 

(18.4) 

31.8 


(18.6) 

(■^) 

(8.0) 

27.9 

14.4 

21.2 

10.4 

26.8 

4 

8. 1 

(27.6) 

(12.8) 

(20.2) 



(51.8) 

(1) 

(8.2) 

29.8 

18.0 

23.9 

33.8 

10.3 

251.2 

13 

8.2 

(30.8) 

(16.4) 

(23.6) 



(101.4) 

(7) 

(8.1) 

31.3 

20.4 

25.8 

34.7 

17.0 

471.4 

13 

7.3 

(31.9) 

(20.4) 

(26.2) 

35.6 


(253.0) 

(U) 

(7.(,) 

31.7 

23 . 1 

27.4 

19.0 

263.7 

22 

7.5 

(31. R) 

(22.7) 

(27.2) 



(382.1) 

(19) 

(6.5) 

29.8 

23.8 

26.8 

34.1 

21.0 

1024.2 

26 

3.8 

(31.6) 

(24.4) 

(28.0) 



(590.8) 

(21) 

(4.2) 

31.7 

24.7 

28.2 

35.3 

22. (i 

569.2 

27 

4.9 

(32.0) 

(24.9) 

(28.1) 



(525.2) 

(27) 

(4.3) 

31.3 

24.3 

27.8 

34.9 

22.7 

531.8 

27 

(25) 

1.9 

(32.2) 

(21.9) 

(28.6) 



(428.5) 

(4.9) 

32.1 

24.1 

28.1 

35 . 6 

20.3 

438.0 

18 

7.7 

(32.3) 

(24.4) 

(28.1) 



(336.1) 

(18) 

(5.6) 

30 . 7 

2 1 . 3 

iti.O 

32 . 1 

17.1 

<)7.(i 

8 

7.4 

(31.4) 

(22.5) 

(27.0) 



(211.0) 

(11) 

(6.6) 

29.4 

18. (i 

21.0 

33.7 

11.7 

5 1 . 4 

6 

8.0 

(29.2) 

25.7 

(17.3) 

11.9 

(23.2) 

18.8 

27.3 

9.4 

(35.6) 

0.0 

(8) 

0 

(7.8) 

8.7 

(26.8) 

(12.1) 

(19.6) 



(10.1) 

(1) 

(8.0) 


*^'(1 (under grass) 
Depth 

f) cm 15 cm 30 cm 


21.2 

(21.3) 

24.0 

(23.2) 
2(3.!) 

(2(>.9) 
28. H 

(29.3) 

30.0 

(30.5) 
28.9 

(30.7) 

30.6 

(31.3) 

30.7 

(31.5) 
31.2 

(31.2) 

29.4 

(29.6) 
2(i.8 

(26.0) 
21 .(> 
(22.5) 


Monthly 

evaporation 


(4p(“n Penman 

Pan in mm 

in mm 


58.3 79.4 

85.3 106.5 

109.3 148. (i 


104.0 
90. 1 

70.0 
62.5 
72.3 

90 . 0 


171.2 
182.6 
135.6 

156.3 
151.0 
161 .8 


79.7 135.3 

6)8.9 105.2 


51.3 


78. (i 


PERCENT RELATIVE HUMIDITY 
Table : 2(a) Silcoorie 


Hours ol 


observations 

1ST 

Jan. 

iM-b. 

March 

.\pril 

06 19 

98 

98 

!)4 

92 

13 19 

(98) 

(97) 

(94) 

(91) 

18 

18 

57 

58 


(47) 

(43) 

(43) 

(57) 


Note* J (i) Data in brackets show previous averages 

(ii) Soil temperature at difFerent depths are mean 
(iii) Penman in mm means Penman estimation ol e 
(ivj ? indicates data not available, 


May 

June 

July 

.\ug. 

Sept. 

Oct. 

Nov. 

Dec. 

!)3 

(91) 

9(S 

95 

96 

94 

96 

96 

98 

(95) 

(96) 

(96) 

(95) 

(96) 

(97) 

(98) 

67 

82 

75 

77 

68 

64 

61 

53 

(67) 

(76) 

(7b) 

(74) 

(71) 

(68) 

(57) 

(49) 


of morning and afternoon n cords 
eaporati<m tmm an open water surface 
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SUMMARY OF METEOROLOGICAL OBSERVATION DURING 1976 
Table : 3 Nagrakata (Dooars) 


Latitude ; 2()®r)4' N 


Lunqiiud.- : a8"5")‘ L Altitude : 228. (i lucters a. in. s. I. 


Daily temperature 


Months 

Mean 

Mean 

Mean 

197ti 

max. 

min. 


January 

28.9 

10.3 

17.1 

(23. b) 

(.04) 

(17.0) 

February 

23.8 

13.1 

1 8 . 4 

(25.. a) 

(12.8) 

(19.2) 

Mareh 


l(i. 1 

.> 


(29.3) 

(10.4) 

(22.9) 

April 


19.0 


(31.1) 

(20.1) 

(25.0) 

May 

29 . 5 

2 1 . 4 

25.4 

(30.8) 

(21.7) 

(20.2) 

June 

29 . (') 
(30.4) 

22. () 
(23.4) 

20. 1 
(20.9) 

July 

30.7 

(30.3) 

23.3 

(23.8) 

27.0 

(27.0) 

.August 

29.9 

22.1 

2(i.O 

(30.7) 

(23.8) 

(27.2) 

.Scj)tember 

31.1 

21 1 

2<). 1 

(30.5) 

(22.9) 

(20.7) 

October 

29.8 

17. (i 

23.7 

(29.8) 

(19.7) 

(21.8) 

November 

27.2 

15.7 

2 1 . 4 

(27.4) 

(14.7) 

(21.0) 

1 )e( emfier 

24.0 

12.2 

Iff. 1 

(24.8) 

(11.5) 

(18.2] 




Kainlall 

Daily 

1 lii^lu'st 

I .< »\\'< sl 

Moiilhly 

Dav widi 

sunshine 

in 


in mm 

0 . » mm 
an<l abov< 

hunt s 

25 . 7 

7.4 

(i.O 

1 

7.4 

27.4 

7.5 

(12.5) 

107.1) 

(2) 

<) 

(7.0) 

(L3 


12.5 

(20.0) 

7.3 

(9) 

9 

(7.4) 

8.4 



(39. t>) 

(h 

(7.0) 

;* 

15.7 

108.4 

t> 

t ) . 5 

31 . 1 

18.0 

(139.9) 

4b(>.0 

(11) 

>2 

(7.1) 

0.2 

34.0 

20.0 

(340. t)) 
11()1.2 

(20) 

2t) 

(0.5) 

3.7 

33.2 

22.4 

(878.2) 
7()7 . 5 

(20) 

28 

(3. ‘9 

4 . 5 

33.0 

21.1 

(1088.0) 

‘H)3.0 

(27) 

28 

(3.3) 

3.8 

32 . 7 

19.3 

(752.3) 

5 )3 .0 

(27) 

2.1 

(4.1) 

t).5 

31.0 

14.5 

(.552.8) 

133.2 

(22) 

15 

(5.0) 

8.7 

31 .8 

12.0 

(225.1) 

1 10.8 

(10) 

9 

(7.7) 

<).7 

25. 1 

10. 1 

(11. t>) 

1 .t) 


(8.7) 

7.9 



(3.5) 

(T) 

(8.1) 


Daily soil temperature Monthly 

^(' (under 151 ass) evaporation 

Depth ()f)en Penman 

_ Pan in nun 


5 em 

15 cm 

30 cm 

in mm 


18. t) 

19.0 

20.1 

09.0 

70.4 

(18.2) 

(18.4) 

(19.0) 

83.0 

88.3 

1‘).4 

19.7 

2t).2 

(20.2) 

(20.0) 

(20. ti) 


150.3 

24.5 

24.2 

24. 1 

157.3 

(24.2) 

(23.8) 

(23.8) 


159.9 

28.1 

27.5 

27.8 

187.2 

(27.0) 

(20.4) 

(20.0) 


105.2 

27. () 

27.0 

27.0 

138.0 

(28.3) 

(27.7) 

(28.0) 


131.3 

27. () 

27.7 

28.0 

109. 1 

(28.0) 

(28.0) 

(28.4) 



29 . 3 

28.2 

29.2 

114.4 

150.3 

(28.8) 

(28.3) 

(28.0) 


128.9 

28 . 3 

28. t) 

28.8 

107.0 

(29.0) 

(28.7) 

(28.8) 


140.0 

2}L't 

28.4 

29.2 

110.5 

(28.7) 

(28.()) 

(28. t.) 


132.3 

2li.8 

27.0 

27.7 

101.8 

(20.8) 

(27.2) 

(27.4) 


80.0 

24.0 

24.2 

25.2 

70.5 

(22.(>) 

(23.0) 

(24.1) 


09.8 

1').8 

20.4 

21.4 

57.9 

(19.4) 

(19.8) 

(21.0) 




PERCENT RELATIVE HUMIDITY 
Table 3(a). Nagrakata (Dooars) 


Tlours ot ohseiA atioiis in FS'l’ 

Oti'VI 

\y.u 


Jan. 

Feb. 

.Mareh 

April 

84 

8t) 

70 

(»9 

(85) 

(82) 

(74) 

(70) 

5t) 

57 

3 1 

14 

(51) 

(48) 

51 

(53) 


May 

June 

Inly 

.\ui». 

89 

95 

<15 

9(, 

(87) 

(95) 

(9(,) 

(95) 

t > / 

83 

77 

82 

(00) 

(82) 

(83) 

(81) 


,Se|)t . 

0(1. 

Nuv. 

Dee. 

91 

‘11 

8V1 

90 

(‘15) 

(89) 

(85) 

(8(,) 

74 

(it) 

(.2 

.5t) 

(78) 

(07) 

(5(i) 

(53) 


Notes 


(i) 

(ii) 

(iii) 

(iv) 


Data in braeta ts shows previous a\ ct ainj-s. 

Soil r'emperalure at different dej>ths are the m<;m of morn ini; and afu-ruoon re.admi^s. 
I’enman in mm menans Penman’s esiimalion of eva[>oration from an op« n water suila< «*. 
indieal<s data not avail. due. 
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Table : 4 Nagri Farm ( Darjeeling ) 



I.atiliide : 20 5 

5' \ 



\a 

ngilude : 

18*^ 12' K 



1 )ailv temj)«-ralnre 

“C 



Rainfall 

Months 

Mean 

Mean 

Mean 

1 ligliesl 

1 ,(>w<st 

Mnnihly 

Day with 

107t; 

max. 

min. 




in mtn 

0. mm 








and above 

januai y 

13.0 

7.0 

10.0 

10.1 

0>.5 

34.0 

5 


(15.2) 

(7.8) 

(11.5) 



(18.7) 

( 3 ) 

1m hruaiA' 

U).r. 

0.4 

13.0 

10 .<) 

l*.7 

70.8 

() 


(10.7) 

(0.5) 

(13.1) 



(17.1) 

( 3 ) 

Mat ( h 

2'^ , 3 

13. i» 

18.0 

25.0 

7.0 

3.0 

2 


(21.1) 

(13.1) 

(17.2) 



(40.(>) 

(5) 

April 

.* 

It). 3 



13.0 

r3().4 

8 


(23.7) 

(15.0) 

(10.8) 



(100.7) 

(11) 

May 

23 . 1 

!(..(. 

10.8 

25.0 

14.2 

l.58.<) 

23 


(23.0) 

(17.1) 

(20.5) 



(100.1) 

(19) 

Juni' 

23.1 

18.2 

20. () 

25.5 

10.2 

450.0 

23 


(24.1) 

(18.8) 

(21.4) 



(440.2) 

(25) 

.Iiilv 

24.0 

10. 0 

21.5 

27.2 

18.0 

333.2 

22 


(24.3) 

(10.3) 

(21.8) 



(071, .4) 

(27) 

/\ngnsl 

23.2 

18. .5 

20.8 

25.5 

17.4 

707.0 

28 


(24.8) 

(10.1) 

(22.0) 



(458.0) 

(25) 

Scpienilier 

21 . 2 

17.0 

21 .0 

25 . 1 

15.0 

2()1.7 

17 


(21.4) 

(18.2) 

(21.3) 



(328.4) 

(20) 

( )( tolx'f 

22 . 3 

15,0 

18. t) 

24.8 

11.2 

50.0 

5 


(23.4) 

(15.8) 

(18.0) 



(140.2) 

(8) 

\o\ cinlier 

1<).7 

13.0 

H». 1 

25.7 

10.2 

7.0 

1 


(2().(.) 

(11.0) 

(10.2) 



(11.0) 

(2) 

1 )e((‘niliei' 

1(..3 

0.0 

12. (. 

18.8 

7.0 

0.0 

0 


(17.0) 

(0.2) 

(13.4) 



(3.4) 

(1) 


Alliliidc : 1 158.2 tnrtrrs a. in. s. 1. 


Daily Daily soil (rmpcraturr Monthly 

surishino ••( ] (und(‘r mass) evaporation ( 


luMirs 


.5 ( in 


5 0 12.0 

((>.1) (15.2) 

5.4 11.0 

(5.0) (14.8) 

8.5 20.8 

('>•») ( 19 . 1 ) 
0.8 22. <i 

(5.7) (21.0) 

4.0 23.2 

(5.2) (23.5) 

2.0 23. (i 

(5.0) (24.5) 

3.1 24.8 

(2.4) (24.8) 

2.8 23. (> 

(3.3) (25.4) 

4.<) 24.4 

(3.0) (24.3) 

7.0 22.1 

( 0 .(>) ( 22 . 2 ) 

5.0 10 2 

(7.4) (18.2) 

5.5 14. () 

((>.8) (14.(.) 


Depth 


15 cm 

30 cm 

10.0 

13.4 

(12.2) 

(14.0) 

1 2 . 0 

14.0 

(13.4) 

(14.5) 

17.2 

18.4 

(17.2) 

(17.7) 

21.8 

22.3 

(20.0) 

(20.4) 

21.7 

22.0 

(21.8) 

(22.0) 

21.7 

22.7 

(23.1) 

(23.2) 

28.0 

23.0 

(23.3) 

(23.8) 

22 . 3 

23.4 

(23.8) 

(24.2) 

22. () 

24.0 

(23.0) 

(23.0) 

20. () 

23.8 

(20.9) 

(21.0) 

17.0 

19.7 

(17.0) 

(18.8) 

13.0 

Hi.O 

(13.(,) 

(15.0) 


Open 
Pan 
ill mm 

Penman 
in min 

40.9 

.50.8 

52.8 

72.1 

133.0 

llO.t) 

152.0 

145.7 

77.0 

128.4 

53.7 

103.3 

()0 . 3 

118.1 

07.2 

100.0 

(')8 . 2 

112.2 

71.0 

104.8 

45.0 

07.3 

38.2 

52.5 


PERCENT RELATIVE HUMIDITY 
Table 4(a). Nagri Farm 


flours of 
obsei \ ations 

IS !' 

jan 

15 b. 

.March 

.\piil 

May 

June 

.Inly 

Aug. 

Sej,t. 

Oct. 

•Nov. 

1 )rc. 

0(,37 

1337 

75 

(71) 

73 
( 72) 

71, 

(70) 

72 

(85) 

54 

(03) 

45 

(.58) 

(,3 

(88) 

57 

((,(,) 

81 

(81) 

82 

(82) 

92 

(02) 

89 

(89) 

01 

(04) 

87 

(80) 

03 

(93) 

89 

(80) 

90 

(80) 

81 

(80) 

74 

(78) 

78 

(70) 

78 
(07) 

79 
(70) 

74 

(09) 

74 

(70) 

Notes ; (i) 

Data in bracket: 

s show 

f)rc\ ious ; 

average's 










(ii), .Soil tem|)eiaiure at diflerenl depths are the mean of morning and afternoon readings 
(m)| Pt nmen m mm rm ans Penman estimation of evaporation from an open water surface, 
(tv) indicates data not availahh', 
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SUMMARY OF METEOROLOGICAL OBSERVATION DURING 1976 
Table : 5 Tbakurbari ( North Bank ) 



r,ali tilde : 2(i®4H 

"35" \ 



I., 

>ngitude : ' 

92°42' 3.3 1-: 

.Mtiiude : 92. 

45 meters a. m. s. 

1. 




Daily temperature 




Kaint'all . 

Daily 

Daily soil temperature 

Monthly 


— 

— 

— 

— 


— 


sunshine 


1 (under grass) 

Evaporation 

Months 

Mean 

Mean 

Mean 

Highest 

1,0 west 

Monthly 

Day with 

in 

_ 

, 

— ^ 

— 

1!)7() 

max. 

min. 




in mm 

0. 3 mm 

hours 


Depth 

Open 

Penman 








and above 




-- 

Pan 

in mm 










.3 I'm 

15 rm 30 cm 

in mm 


[anuary 

21.9 

9. I 

17.0 

2(..3 

0 . 4 

14.3 

2 

8.3 


? ? 

47.77 

34.1 


(23.8) 

( «.b) 

(lb. 2) 



(20.3) 

(0 

(7.5) 





1‘ ebfuary 

2b . <> 

13.1 

20.0 

28. 

8.1 

33.4 

.3 

ti.4 


■<> '■> 

(iO . 2 

91 .0 


(2b. 0) 

(11.3) 

(18.8) 



((i.H) 


(7.1) 





Marrli 

29 . () 

13.8 

22 . 7 

34 . 2 

9.7 

104. t) 

3 

8.8 

> 


114.7 

137.1 


(30.1) 

(13.0) 

(22.7) 



(25.0) 

(8) 

(7.0) 





April 

32.0 

18.3 

23.2 

34.7 

14. (i 

108.8 

.3 

8.3 



123.0 

170.8 


(30.3) 

(19.9) 

(23.2) 



(192.0) 

(17) 

(0.2) 





May 

31.4 

21.2 

2b. 3 

3b».4 

18.4 

192.0 

14 

7.2 

1* 

•» .» 

123.8 

174.9 


(31.0) 

(21.9) 

(2b. 4) 



(222.2) 

(10) 

(b.O) 





June 

30.7 

23.2 

27.0 

34.9 

20.9 

.3.33.8 

25 

3.7 



92.9 

134.9 


(31.b) 

(24.3) 

(28.0) 



(42.3.0) 

(22) 

(4.4) 





,l»ly 

32.2 

24.1 

28.2 

33.4 

21.9 

4(i9.4 

21 

5.8 

r* 

> 

99 . 2 

100.2 


(32.0) 

(24.8) 

(28.4) 



(.340. (i) 

(28) 

(4.4) 





August 

31.8 

24 . 1 

28.0 

3.3.7 

22.2 

284 . 1 

24 

4.7 



94. (> 

148.1 


(32. b) 

(24.8) 

(28.7) 



(310.8) 

(18) 

(3.3) 





Seplrmlier 

32.9 

23.2 

28.0 

33.7 

22.0 

203.3 

18 

ti.8 


? 2 

98.0 

149.3 


(31.3) 

(23.4) 

(27.4) 



(348.2) 

(20) 

(3.3) 





October 

30. 1 

19.0 

21. () 

32 . 7 

13.0 

1 18.4 

9 

7.2 

r* 

,* > 

8 1 . 5 

122.0 


(30.8) 

(21.0) 

(2b. 2) 



(217.4) 

(12) 

(0.4) 





NovcmbcT 

28.3 

lb). 2 

22.2 

31 .8 

:* 

.3.8 

5 

0.5 

;* 


55.2 

84.9 


(28.3) 

(14.8) 

(21.0) 



(10. 0) 

(1) 

(8.2) 





Dec'ember 

24.9 

10.3 

17.7 

29 . 9 

.3 . 3 

.3.3 

3 

7.7 

J> 

;* ;* 

43.4 

0.3.2 


(24.. 3) 

(9.2) 

(Ui.8) 



(10.4) 

(4) 

(8.7) 






PERCENT RELATIVE HUMIDITY 


Hours of 


jam 

Feb. 

Table 5(a). Tbakurbari (North Bank) 

March ,\pril May jtme .Jnlv 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Obsei Nations 

i.sr. 














0019 


94 

93 

i,b» 

84 

90 

93 

94 

95 

94 

93 

94 

94 

1319 


(93) 

.30 

(91) 

58 

(84) 

ti() 

(87) 

51 

(90) 

(i7 

(93) 

82 

(94) 

70 

(93) 

78 

(93) 

72 

(93) 

(38 

(93) 

()8 

(94) 

57 



(.34) 

(.30) 

(47) 

((H) 

(70) 

(73) 

(77) 

(75) 

(70) 

(72) 

((30) 

(.30) 


i) Daia in brarkcts vl ovvs prcs ioiis avrtagcs. 

ii) Soil lemprratiir*' at (liflrrciit drpths art- thr moan of morning and altrrnoon rradiiigs. 

iii) Penman in min means Pemnan’s rstimation of evaporation from an open water surrace. 

iv) ? indicates data not available. 





